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ABSTRACT 
 
 The origins of asymmetric induction in the Suzuki-Miyaura cross coupling reaction are 
investigated computationally with density functional theory. Monophosphine-bound palladium 
complexes are analyzed in the context of oxidative addition to aryl halides, and ligands are 
explored in terms of steric and electronic effects relevant to oxidative addition. As one of the 
most successful ligands to date for the asymmetric Suzuki reaction, KenPhos is given substantial 
attention and subjected to detailed structural analysis. The analysis leads to proposals for new 
ligands that may enhance the asymmetry of oxidative addition, and some initial synthetic work in 
that capacity is presented. 
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Models are to be used, not believed. 
-- Henri Theil 
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I. Introduction 
 
 Many natural products and pharmaceutically important compounds are axially chiral, 
such as steganone1, vancomycin2, and michellamine3. As the biaryl motif is particularly common 
among them, a most straightforward method for their asymmetric synthesis employs cross-
coupling reactions. To date, this method has lacked the enantioselectivity and generality 
necessary for widespread adoption, and instead other approaches have been developed which 
specifically apply to certain functional groups. A brief account of some notable methods follows; 
other methods4 are discussed elsewhere in the literature. 
 
 
Early accounts of asymmetric cross coupling with nickel and chiral phosphine ligands 
gave products of very low optical purity5, although more recently, improved asymmetric 
                                                 
1 Kupchan, S. M.; Britton, R. W.; Ziegler, M. F.; Gilmore, C. J.; Restivo, R. J.; Brian, R. F. J. Am. Chem. Soc. 1973, 
95, 1335. 
2 Williams, D. H.; Bardsley, B. Angew. Chem., Int. Ed. 1999, 38, 1172. 
3 Bringmann, G.; Pokorny, F. In The Alkaloids; Cordell, G. A., Ed.; Academic Press: New York, 1995; Vol. 46, p 
127. 
4 (a) Putala, M. Enantiomer 1999, 4, 243; (b) Bringmann, G.; Schupp, O. S. Afr. J. Chem. 1994, 47, 83. 
5 (a) Tamao, K.; Minato, A.; Miyake, N.; Matsuda, T.; Kiso, Y.; Kumada, M. Chem. Lett. 1975, 133-136; (b) 
Hayashi, T.; Tajika, M.; Tamao, K.; Kumada, M. J. Am. Chem. Soc. 1976, 98, 3718. 
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Ullmann couplings6 have been reported. Biaryls bearing phenols have been prepared 
asymmetrically by employing several auxiliaries and intramolecular handles. Lactones may be 
used for resolution with a chiral alcohol7, and this method has been investigated8 
computationally. Tethered chiral diethers9 and diesters10 may be coupled by the Ullmann 
method. β-hydroxysulfoxides11 have given good selectivity but are of limited utility owing to 
their permanence in the molecule. Oxazoles are useful for an SNAr method12 with aryl Grignard 
reagents. Asymmetric epoxidation13 has been used to tether aromatic rings prior to 
intramolecular homocoupling. BINAP-analogous arsines14 have shown greater enantioselectivity 
than BINAP itself for Heck reactions. Aryl-lead reagents15 can couple ortho to the oxygen of 
phenols if this position is unsubstituted. 
Buchwald has reported16 the preparation of enantioenriched biarylphosphine oxides using 
an asymmetric Suzuki reaction. A highly efficient method was very recently reported17 for the 
preparation of tetra-ortho-substituted biarylphosphine oxides from an alkyne by a rhodium 
catalyst. Despite its need for synthesis of the alkyne, the high yield and ee make this an attractive 
                                                 
6 (a) Nelson, T.; Meyers, A. I. J. Org. Chem. 1994, 59, 2655; (b) Meyers, A. I.; McKennon, M. Tetrahedron Lett. 
1995, 36, 5869; (c) Andrus, M. B.; Asgari, D.; Sclafani, J. A. J. Org. Chem. 1997, 62, 9365; (d) Meyers, A. I.; Price 
A. J. Org. Chem. 1998, 63, 412. 
7 (a) Bringmann, G.; Breuning, M.; Tasler, S. Synthesis 1999, 525; (b) Bringmann, G.; Pfeifer, R.; Schreiber, P.; 
Hartner, K.; Schraut, M.; Breuning, M. Tetrahedron 2004, 60, 4349. 
8 (a) Bringmann, G.; Busse, H.; Dauer, U.; Güssregen, S.; Stahl, M. Tetrahedron 1995, 51, 3149; (b) Bringmann, G.; 
Güssregen, S.; Vitt, D.; Stowasser, R. J. Mol. Model. 1998, 4, 165. 
9 (a) Lipshutz, B. H.; Kayser, F.; Liu, Z. Angew. Chem. Int. Ed. Eng. 1994, 33, 1842; (b) Lipshutz, B. H.; Kayser, F.; 
Liu, Z.  Angew. Chem. 1994, 106, 1962; (c) Sugimura, T.; Yamada, H.; Inoue, S.; Tai, A. Tetrahedron. Asymm. 
1997, 8, 649. 
10 Miyano, S.; Fukushima, H.; Handa, S.; Ito, H.; Hashimoto, H. Bull. Chem. Soc. Jpn. 1988, 61, 3249. 
11 Broutin, P.; Colobert, F. Org. Lett. 2003, 5, 3281. 
12 (a) Wilson, J. M.; Cram, D. J. J. Am. Chem. Soc. 1982, 104, 881; (b) Wilson, J. M.; Cram, D. J. J. Org. Chem. 
1984, 49, 4930; (c) Meyers, A. I.; Himmelsbach, R. J. J. Am. Chem. Soc. 1985, 107, 682; (d) Rizzacassa, M. A.; 
Sargent, M. V. J. Chem. Soc. Chem. Commun. 1990, 894; (e) Meyers, A. I.; Willemsen, J. J. Tetrahedron 1998, 54, 
10493. 
13 Rawal, V. H.; Florjancic, A. S.; Singh, S. P. Tetrahedron Lett. 1994, 35, 8985. 
14 Cho, S. Y.; Shibasaki, M. Tetrahedron Lett. 1998, 39, 1773. 
15 Saito, S.; Kamo, T.; Muto, H.; Nakadai, M.; Yamamoto, H. J. Am. Chem. Soc. 1999, 121, 8943. 
16 Yin, J.; Buchwald, S. L. J. Am. Chem. Soc. 2000, 122, 12051. 
17 Nishida, G.; Noguchi, K.; Hirano, M.; Tanaka, K. Angew. Chem. Int. Ed. 2007, 46, 3951. 
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alternative in some cases to Buchwald’s asymmetric Suzuki method, demonstrating the need for 
an improved Suzuki reaction. 
Only a small number of other asymmetric Suzuki reactions have been reported. They 
were reported without auxiliaries by Cammidge18 with low ee and poor substrate scope, though 
his subsequent work19 has improved the method somewhat. Nicolau’s work on the synthesis of 
Vancomycin20 involved a generally unsuccessful study of asymmetric Suzuki couplings with 
chelating ligands. An intramolecular Suzuki coupling21 also provided low ee. It has been shown22 
that the ratio of ligand to Pd may affect the selectivity. 
Planar-chiral arene-chromium tricarbonyl complexes have performed very well for 
asymmetric Suzuki23 and Stille reactions24 and the preparation of atropisomeric aryl amides25, 
though this method necessarily requires the preparation and removal of toxic chromium 
compounds. Asymmetric Kumada reactions26 have been reported as well. Very recently, Espinet 
has shown that moderate to good selectivity may be had with Suzuki and Negishi couplings 
under microwave conditions27, although the substrate scope of these conditions is unclear.  
 
                                                 
18 Cammidge, A. N.; Crépy, K. V. L. Chem. Comm. 2000, (18), 1723. 
19 (a) Mikami, K.; Miyamoto, T.; Hatano, M. Chem. Comm. 2004, (18), 2082; (b) Cammidge, A. N.; Crépy, K. V. L. 
Tetrahedron 2004, 60, 4377. 
20 Nicolau, K. C.; Li, H.; Boddy, C. N. C.; Ramanjulu, J. M.; Yue, T.; Natarajan, S.; Chu, X.; Bräse, S.; Rübsam, F. 
Chem. Eur. J. 1999, 5, 2584. 
21 Cho, S. Y.; Shibasaki, M. Tetrahedron Asymm. 1998, 9, 3751. 
22 Castanet, A.; Colobert, F.; Broutin, P.; Obringer, M. Tetrahedron Asymm. 2002, 13, 659. 
23 (a) Uemura, M.; Daimon, A.; Hayashi, Y. J. Chem. Soc. Chem. Comm. 1995, 1943; (b) Feldman, K. S.; Smith, R. 
S. J. Org. Chem. 1996, 61, 1375; (c) Watanabe, T.; Uemura, M. Chem. Comm. 1998, (8), 871; (d) Nelson, S. G.; 
Hilfiker, M. A. Org. Lett. 1999, 1, 1379. 
24 (a) Uemura, M.; Nishimura, H. Tetrahedron Lett. 1993, 34, 107; (b) Uemura, M.; Nishimura, H. J. Organomet. 
Chem. 1994, 473, 129. 
25 Koide, H.; Hata, T.; Yoshihara, K.; Kamikawa, K.; Uemura, M. Tetrahedron 2004, 60, 4527. 
26 (a) Hayashi, T.; Niizuma, S.; Kamikawa, T.; Suzuki, N.; Uozumi, Y. J. Am. Chem. Soc. 1995, 117, 9101; (b) 
Kamikawa, T.; Hayashi, T. Tetrahedron 1999, 55, 3455; (c) Shimada, T.; Cho, Y.; Hayashi, T. J. Am. Chem. Soc. 
2002, 124, 13396. 
27 Genov, M.; Almorín, A.; Espinet, P. Tetrahedron Asymm. 2007, 18, 625. 
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We seek to improve access to enantiomerically enriched biaryls by developing a highly 
efficient asymmetric variant of the robust Suzuki-Miyaura cross-coupling reaction. Given the 
amount of research attention previously devoted to this subject, an approach based on screening 
ligands is unlikely to succeed. Rather, we seek a mechanistic explanation for asymmetric 
induction in the cross-coupling reaction which will lead to an improved, rationally designed 
ligand. Importantly, the mechanistic investigation must account for the experimental results 
previously obtained in the Buchwald laboratory16 that both axially-chiral ligands and P-chiral 
ligands provide some stereoselectivity, and that electron-withdrawing nitro and phosphonate 
ester groups ortho to the aryl halide have provided the best stereoselectivity. 
 
II. Methodology 
 
As a standard operating procedure for synthesis methodology development, a complete 
computational mechanistic analysis is unreasonable for most organic reactions and certainly for 
most catalytic organometallic reactions. The computational costs of such realistic calculations 
are prohibitive, both financially and in terms of research time, to allow nearly absolute 
knowledge of what will benefit a reaction’s conditions. The synthetic utility of a computational 
study of asymmetric induction hinges upon the likelihood that a small number of aspects of a 
reaction may be studied in a relatively short period (that is, months, rather than years) and still 
provide a reasonable foundation for the modification of a catalyst, auxiliary, or other substrate 
for the method’s development. 
 Whereas complete analysis of the catalytic Suzuki reaction remains a tremendous 
undertaking, for practicality we wish only to find ligand effects that instill asymmetry in some 
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part of the catalytic cycle. The author hypothesizes that creation of asymmetry early in the 
catalytic cycle is likely to be most effective, and as the oxidative addition step is better 
characterized than transmetalation and reductive elimination, it is chosen for further analysis. For 
its small size, 2-bromonitrobenzene is considered in preference to the other substrates appearing 
in Yin’s work.16 
In this spirit, we investigate the structures of oxidative addition complexes of 
monophosphine-bound palladium28 to identify whether this step of the catalytic cycle may afford 
some knowledge of the origin of asymmetry in the Suzuki reaction with the relatively successful 
o-nitro and o-phosphonatearenes. For example, oxidative addition may be diastereoselective: 
atropisomers of the form 1a may be preferred to those of form 1b. 
 
Is it important to note that certain effects are necessarily neglected by this style of 
analysis, and that the results presented herein necessarily carry an uncertainty uncommon to 
computational analyses. For example, the transmetalation process in cross-coupling is neglected, 
as it has not yet been well characterized29, though it has been shown in our laboratory that the 
nature of the boron-containing coupling partner does have an effect30 on enantioselectivity of the 
Suzuki reaction. Without comprehension of the transmetalation process, however, the geometry 
                                                 
28 The use of monophosphine palladium complexes for analysis of oxidative addition will be justified in the 
subsequent section. 
29 (a) Braga, A. A. C.; Morgon, N. H.; Ujaque, G.; Maseras, F. J. Am. Chem. Soc. 2005, 127, 9298; (b) Goossen, L. 
J.; Koley, D.; Hermann, H. L.; Thiel, W. J. Am. Chem. Soc. 2005, 127, 11102; (c) Braga, A. A. C.; Ujaque, G.; 
Maseras, F. Organometallics 2006, 25, 3647. 
30 For some substrates, the corresponding boronic acid and boronate esters give predominately the opposite biaryl 
enantiomers (unpublished results, Dr. B. Bhayana) 
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of diarylpalladium complexes which undergo reductive elimination are unknown, thus 
complicating analysis of any step beyond the oxidative addition31, including the eventual C-C 
bond forming process. Additionally, without complete characterization of the catalytic cycle, 
other synthetically relevant information will remain unknown; for example, which enantiomer 
will be formed with a specific substrate and catalyst will be unpredictable. With current 
computer technology, these limitations are necessary for analysis sufficiently rapid to 
cooperatively improve synthesis methodology and experimental mechanistic investigations. 
Throughout this work, brief computational details are presented alongside the results. 
Further computational supporting information is given in the terminal section. 
 
III. Ligand Electronic Effects and the Mechanism of Oxidative 
 
 Buchwald has developed32 a library of bulky, electron-rich biaryl monophosphine 
ligands. Presently, the extent to which the non-phosphine-containing biaryl ring (henceforth 
referred to as the “lower” ring) influences the electronic properties at phosphorus is not 
quantitatively known. For example, triphenylphosphine is well known to be unable to promote 
the oxidative addition of palladium(0) to unactivated aryl chlorides. In contrast, diphenyl-XPhos 
2 is capable of such oxidative additions33, despite being an analogous triarylphosphine. This and 
                                                 
31 There are computational limitations to the study of reductive elimination as well. As will be seen in subsequent 
sections, there are at least two geometric isomers at palladium, and several binding modes of each of these. Each 
structure gives rise to two transition states for reductive elimination; for such large molecules, the computational 
cost of force constant calculation and vibrational frequency analysis is extreme. 
32 (a) Nguyen, H. N.; Huang, X.; Buchwald, S. L. J. Am. Chem. Soc. 2003, 125, 11818; (b) Barder, T. E.; Buchwald, 
S. L. Org. Lett. 2004, 16, 2649; (c) Walker, S.D.; Barder, T. E.; Martinelli, J. R.; Buchwald, S. L. Angew. Chem. Int. 
Ed. 2004, 43, 1871; (d) Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S. L. J. Am. Chem. Soc. 2005, 127, 
4685. 
33 Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S. L. J. Am. Chem. Soc. 2005, 127, 4685. 
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other anecdotal accounts suggest a significant electronic benefit from the lower ring.34 It is clear, 
then, that the specific effects of the lower rings of biaryl ligands necessitate full computational 
analysis of the ligands in question, as structural approximations (e.g., PPh3 in place of 2) may 
lead to qualitatively inappropriate conclusions. 
 
 It has been hypothesized that with very bulky ligands, a highly uncoordinated 
monoligated palladium undergoes oxidative addition. This is justified with simple molecular 
models, whereby is it seen that there is little space in the palladium’s coordination sphere for 
additional ligands when the metal is ligated by two bulky phosphines. Such a highly 
uncoordinated organometallic complex is likely to be high in energy relative to a further ligated 
complex, and it is unlikely to be isolated nor even observed spectroscopically. However, if 
catalytic activity (especially with regard to the oxidative addition step) is related to the minute 
concentration of monoligated palladium, then the effects that facilitate dissociation of a ligand 
must be determined. 
 Several homoleptic phosphines are considered as a benchmark for the hypothetical 
equilibrium 2 1L Pd  L + L PdZXYZZ . From the results given in Table 1, dissociation of a ligand to 
give a monoligated palladium is highly disfavored: dissociation is endothermic by nearly 30 
kcal/mol. The latter two ligands are commonly employed experimentally, whereas the former 
                                                 
34 It was recently suggested (Barder, T. E.; Buchwald, S. L. J. Am. Chem. Soc. 2007, 129, 5096) that steric effects 
from the lower ring may aid the stability of the biaryl ligands towards oxidation by molecular oxygen more than do 
the electronic effects. 
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two are common structural approximations in computational studies. None of these ligands, then, 
attribute their efficacy to a shift in the equilibrium favoring a monoligated palladium species. 
 
Table 1. Reaction energies for trans- →2 1L Pd  L + L Pd  (homoleptic phosphines) 
ΔH ΔG B3LYP / 6-31G 
 
C, H Homoleptic 
phosphine ligand (kcal/mol) 6-31G(d)LANL2DZ + RECP 
P 
Pd 
     
PH3 25.4 16.6   
PMe3 29.8 20.3   
PPh3 30.3 19.9   
P(t-Bu)3 30.4 19.0   
 
 To compare the biaryl ligands computationally, a conformational analysis is first 
necessary. Bis(cyclohexylJohnPhos)Pd(0) 3b has been crystallized and its X-ray crystal structure 
has been determined35. This crystal structure shows an 1η  interaction36 between palladium and 
the 2’-carbon of the biphenyl ring on one of the ligands. The other ligand, however, has its 
biphenyl ring rotated away from the metal center. It is not obvious a priori to the author whether 
this is a significant electronic stabilization or a packing effect in the crystal lattice. Therefore, the 
following three structures are contrasted: 3b, which resembles the crystal structure mentioned 
above; 3c, in which both biphenyl rings are rotated away from the palladium, eliminating the 1η  
interaction; and 3a, in which both biphenyl rings are rotated towards the palladium, giving two 
                                                 
35 Reid, S. M.; Boyle, R. C.; Mague, J. T.; Fink, M. J. J. Am. Chem. Soc. 2003, 125, 7816. 
36 An Atoms In Molecules analysis of a similar system has been reported (ref 33) showing an analogous 1η  
interaction. 
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such 1η  interactions. These calculations are performed in the gas phase to separate solvation or 
crystal packing effects37 from the intramolecular steric and electronic effects. 
 
Table 2. Equilibrium of CyJohnPhos2Pd Complexes 
Structure Relative ΔH 
(kcal/mol) 
% of Equilibrium 
Population (273 K) 
B3LYP /  
6-31G 
 
C, H 
   6-31G(d) 
LANL2DZ + RECP 
P 
Pd 
3c 0.0 86%   
3b 1.0 14%   
3a 4.3 ca. 0.03%   
 
 Interestingly, structure 3c (which lacks the 1η  interactions) is the lowest energy structure 
in the gas phase. Structure 3b (with a single 1η  interaction) is 1.0 kcal/mol higher in energy than 
3c, and structure 3a (with two 1η  interactions) is 4.3 kcal/mol higher in energy than 3c. In 
solution, the bis-ligated palladium complexes are likely in equilibrium with one another; their 
relative energies and predicted relative concentrations are given in Table 2 below.38 
The dissociation of a biarylphosphine may therefore be a multistep process involving this 
equilibrium, necessitating more detailed analysis than that presented above for simple 
homoleptic phosphines. A reaction coordinate diagram is presented below in Figure 1 which 
accounts for conformational changes of the ligand in the bis-ligated complex, in the monoligated 
complex, and in the ligand itself. The monoligated-Pd structures and conformations of 
CyJohnPhos are given below. 
 
                                                 
37 Although Gaussian has a periodic boundary conditions method implemented for simulating solid phase packing 
effects, this method was not investigated for comparison 
38 Relative concentrations are calculated assuming thermodynamic equilibrium at 273 K, and that the relative gas 
phase energies correspond well to the relative solvent phase energies. In non-coordinating solvents such as toluene, 
this is generally considered a good assumption 
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Figure 1. Proposed Pathways for the Dissociation of CyJohnPhos from trans-
bis(CyJohnPhos)Pd(0). Relative energies in kcal/mol. 
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 It is proposed based upon the data in Figure 1 that the most stable monoligated palladium 
species 5a is generated from complex 3a in which palladium is “sandwiched” with two 1η  
interactions. This dissociation also leaves the biarylphosphine ligand in its most stable 
conformation, whereas the other pathways include intermediates in which either the monoligated 
palladium or the ligand are in higher energy conformations. Although it has not been 
investigated here, complexes 3 can likely interconvert by internal rotations of the ligand, giving 
3a from the more stable complexes 3b and 3c. Despite the 1η  stabilization in 3b highlighted in 
Fink’s work, this structure is not likely the immediate source of monoligated Pd in this 
equilibrium. Dissociation of CyJohnPhos from CyJohnPhos2Pd, then, is endothermic by 22.1 
kcal/mol. 
 
The analogous study is done with SPhos; the dissociation of SPhos from SPhos2Pd is 
endothermic by 20.8 kcal/mol. In this case, however, the species with one 1η  interaction is more 
stable by 1.1 kcal/mol than that lacking the 1η  interactions, suggesting that the more electron-
rich lower ring plays an important role in stabilizing, and shifting the equilibrium towards, the 
monoligated palladium. These results are given in Table 3. Based on these data, a solution of 
SPhos2Pd will have 16 times the amount of monoligated palladium as an equimolar solution of 
CyJohnPhos2Pd, or 107 times the amount as (tBu3P)2Pd. 
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Table 3. Reaction energies for trans- →2 1L Pd  L + L Pd  (heteroleptic phosphines) 
ΔH ΔG B3LYP / 6-31G 
 
C, H, O Heteroleptic 
phosphine ligand (kcal/mol) 6-31G(d)LANL2DZ + RECP 
P 
Pd 
     
CyJohnPhos 22.1 9.6   
SPhos 20.8 8.1   
 
 Recently, the electronic effects of phosphine ligands were analyzed according to their 
molecular electrostatic potentials.39 Topographical analysis of potential isosurfaces gives the 
minimum potential (Vmin) region localized on the phosphorus atom’s lone pair. As these 
references40 do not give a satisfactory account of the physical significance of this quantity41, a 
chemically relevant one is briefly presented here. If the potential is multiplied by the (positive) 
fundamental charge, an energy is obtained for the electrostatic association of a proton with the 
lone pair. In this way, the quantity mine V⋅  (in kcal/mol) may be correlated with the donicity of 
the phosphine, and the electronic effects of the ligand at the phosphorus atom may be correlated 
with the ligand’s structural features. As a more Lewis-basic phosphine will react more 
exothermically with a proton, a more negative mine V⋅  will indicate greater donicity of the 
phosphorus lone pair. 
Several ligands are optimized, and their molecular electrostatic potential surfaces are 
calculated from the SCF density. Topographical analysis is performed in GaussView42 with the 
aid of Gaussian 03’s “cubegen” utility. The mine V⋅  values are given in Table 4.  
                                                 
39 (a) Suresh, C. H.; Koga, N. Inorg. Chem. 2002, 41, 1573; (b) Politzer, P., Truhlar, D. G., Eds. Chemical 
Applications of Atomic and Molecular Electrostatic Potentials; Plenum Press: New York, NY, 1981. 
40 Ref. 37(a), and those cited therein 
41 In fact, they incorrectly indicate an electrostatic potential (rather than mine V⋅ ) in the units of kcal/mol. 
42 GaussView, Version 3.09, Dennington II, Roy; Keith, Todd; Millam, John; Eppinnett, Ken; Hovell, W. Lee; and 
Gilliland, Ray; Semichem, Inc., Shawnee Mission, KS, 2003. 
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Table 4. i mine V  values for several phosphine ligands. 
Ligand e·Vmin (kcal/mol) 
B3LYP /
6-31G(d,p) 
 
    
PPh3 -34.5   
tBuPh2P -37.3   
Cy2PhP -41.3   
KenPhos 6 (P) -42.6   
XPhos -43.2   
CyJohnPhos 4a -44.3   
Me4XPhos 7 -45.6   
DavePhos -46.2   
SPhos -46.8   
KenPhos (N) -50.7   
 
 
 
 
 
 
 
 
 
 
 All of the biaryl ligands have a more negative mine V⋅  than their respective parent 
structure phenylphosphines, indicating that the lower ring of the ligand contributes significantly 
to the ligand’s electron-rich character. SPhos has both a more electron-rich lower ring and a 
more negative mine V⋅  than does XPhos. The electronic effects of the upper ring are also evident, 
though to a lesser extent, as the tetramethylated XPhos 7 is more electron rich at phosphorus than 
XPhos itself. DavePhos is substantially more electron-rich than the analogous structure KenPhos, 
highlighting an important electronic effect due to the naphthyl ring. The smaller, more electron 
rich biphenyl rings may help to stabilize the monoligated palladium to facilitate oxidative 
addition. For reference, the nitrogen lone pair of KenPhos is included in the table. 
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A partial reaction coordinate diagram for oxidative addition is given in Figure 2 Using 
the biaryl ligand SPhos, it is shown that the oxidative addition of L1Pd to chlorobenzene occurs 
to give isomers of the form 11a and 11b via a concerted reaction with a three-center transition 
state. That there are different kinetic and thermodynamic products is a result of the trans effect 
on the transition state energy, and trans influence on the reaction thermodynamics.43 An analysis 
of some conformational effects and isomerism in oxidative addition has been recently 
published.44 The conclusions are in agreement with those presented here. 
 
 
 
                                                 
43 See, for example, the following and the references cited therein: (a) Crabtree, R.H. The Organometallic Chemistry 
of the Transition Metals; John Wiley & Sons, Inc.: Hoboken, NJ, 2005; p 109. (b) Spessard, G. O.; Miessler, G. L. 
Organometallic Chemistry; Prentice-Hall, Inc: Upper Saddle River, NJ, 2000; p 140. 
44 Barder, T. E.; Buchwald, S. L. J. Am. Chem. Soc. 2007, ASAP Article. DOI: 10.1021/ja073747z. 
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Figure 2. Reaction Coordinate Diagram for Oxidative Addition of SPhos-Pd to 
PhCl. 
 
The author is not aware of any isolated Pd(II) oxidative addition complexes of the form 
11b in which the arene is trans to a monophosphine (in accordance with the trans influence)45, 
but calculations suggest that this species is formed at least initially. Although structures of type 
                                                 
45 A dimer of SPhos-Pd(Ph)(Cl) and an analogous complex with a coordinating amine tethered to the arene have 
been isolated in our labs (M. Biscoe). In both, the arene is cis to the phosphine. 
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11b are not thermodynamic products of oxidative addition, they may be present in solution46, and 
must be considered in an analysis of asymmetry. 
 
IV. Electronic Effects in Oxidative Addition Complexes with KenPhos 
 
 KenPhos contains thirty-six non-hydrogen atoms, making it a large molecule by 
computational standards. To minimize computational costs and accelerate the study, certain 
aspects of oxidative addition are not investigated. In particular, the transition states for oxidative 
addition are not identified. Their computation requires the initial calculation of force constants 
and a subsequent vibrational frequency analysis; this is not feasible considering the size and 
number of structures needed for this work. It was shown in the previous section that there are 
different kinetic and thermodynamic products of oxidative addition, and the several geometric 
isomers of the ground state oxidative addition complexes should be analyzed independent of the 
reaction barriers leading to them. Although this increases the computational burden of the study, 
these isomers may play an important role mechanistically. The several ground state oxidative 
addition structures of KenPhos-ligated palladium with o-bromonitrobenzene were therefore 
optimized. The complexes are illustrated in Figure 3. 
 
                                                 
46 Although this raises the issue of potential intramolecular interconversion of oxidative addition products, rather 
than conversion to the thermodynamic product via reversion to starting materials, this issue is beyond the scope of 
this work. 
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Figure 3. Optimized Oxidative Addition Complexes. 
. 
 
The ten complexes are pair wise atropisomeric; they are all axially chiral about the Pd-
arene bond, although some may be characterized by other chiral axes as well. The relative SCF 
energies for the optimized structures are given in Table 5, along with selected structurally 
important bond lengths and the population’s predicted distribution.38 
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Table 5. KenPhos Oxidative Addition Complexes 
Structure ΔE (kcal/mol) 
Pd-ipso-C 
(Å) 
Pd-O
(Å) 
N-O
(Å) 
N=O
(Å) Pop %
B3LYP / 
6-31G(d)   C, H, N, O, P
       LANL2TZ + RECP   Br, Pd 
16b 0.0 - 2.1 1.3 1.2 93   
16a 1.4 - 2.1 1.3 1.2 7   
13b 5.1 - - - - 10-2   
13a 5.4 - - - - 10-3   
12a 5.7 2.7 2.8 - - 10-3   
12b 6.7 2.6 2.7 1.2 1.2 10-4   
14a 6.8 2.4 2.8 - - 10-4   
15a 7.1 - - 1.2 1.2 10-4   
15b 8.2 - - - - 10-5   
14b 8.2 2.5 2.6 - - 10-5   
 
 Of the eight non-chelated-arene structures, the four cis-arene structures 12 and 13 are 
lower in energy than the four trans-arene ones 14 and 15. This is consistent with the trans 
influence and the results of the previous section. Complexes 16 show distinctly shorter Pd-O 
distances as well an elongated N-O distance relative to the other complexes, confirming the 
chelating nature of the arene in these two cases. Importantly, the two chelating structures lie 
much lower in energy (ca. 5 kcal/mol) than the other isomers. This is especially significant as the 
trans-arene products are the kinetic products of oxidative addition, as discussed previously. The 
formation of complexes 16 likely occurs via motion of the bromine atom in the non-chelated 
trans-arene complexes 14 or 15 with concomitant rotation of Pd’s square plane, as illustrated in 
Figure 4. 
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Figure 4. Proposed Mechanism for the Formation of Complexes 16 
 
 
 
Although a transition state for this motion was not obtained for these systems, with the 
model system 17 (the non-chelated structure analogous to 14) could not be optimized after 
several attempts – each optimization energy profile decreased monotonically with a sudden 
motion of the bromine atom to allow coordination of the nitro group to palladium. 
 
 
 
Additionally, the bromine atoms in structures 14 deviate from Pd’s square plane by 10 to 
15°, in both cases in the direction approaching coordination of the nitro group. These accounts 
suggest that KenPhos provides a small energy barrier for the isomerization to the chelated 
structures by occupation of Pd’s vacant coordination site with alternative binding modes such as 
an 1η  Pd-ipso-C interaction (12 and 14) or donation from the nitrogen lone pair (13 and 15). 
These chelated structures 16 are therefore very probable products of the oxidative addition to the 
o-nitro and o-phosphonate aryl halides. Further analysis may in turn explain the complexes’ 
relative stabilities, and these substrates’ dramatically greater stereoselectivity in asymmetric 
Suzuki couplings. 
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V. Energy Dependence upon Basis Sets 
 
The role of the basis sets in evaluating small relative energies (less than ca. 5 kcal/mol) 
has not been well established. Among computational chemists, it is accepted that the available 
basis sets for heavy elements are far from the basis set limit, but there is little systematic study 
on the effect on small energy differences of basis set size and published polarization functions. 
Discussions on the Computational Chemistry List47 reveal the popular suggestion that it is 
generally sufficient to add d-polarization functions to second-row p-block elements, though 
additional p-polarization functions may be necessary for accurate thermochemistry predictions of 
third-row p-block elements. 
While there are a few basis sets available for palladium, the two most frequently 
employed are those of the Stuttgart-Dresden groups48 and LANL2DZ by Hay and Wadt49, both 
of which include relativistic effective core potentials (RECP). To the author’s knowledge, neither 
has been shown to produce quantitatively valid thermochemistry predictions in synthetically 
applicable calculations. In fact, much recent work from the Bickelhaupt group50 has shown that 
there is significant variation in kinetic and thermodynamic predictions for palladium-mediated 
reactions by modification of the density functional and the palladium atom’s basis set. 
There are more basis sets available for the halogens than for palladium, but it has not 
been resolved whether RECP or all-electron basis sets are preferred. Chlorine is frequently 
                                                 
47 http://www.ccl.net 
48 Andrae, D.; Häussermann, U.; Dolg, M.; Stoll, H.; Preuss, H. Theor. Chim. Acta 1990, 77, 123. 
49 Hay, P. J.; Wadt, W. R. J. Chem. Phys. 1985, 82, 299. 
50 (a) Bickelhaupt, F. M.; Diefenbach, A. J. Chem. Phys. 2001, 115, 4030; (b) de Jong, G. T.; Solà, M.; Visscher, L.; 
Bickelhaupt, F. M. J. Chem. Phys. 2004, 121, 9982; (c) de Jong, G. T.; Geerke, D. P.; Diefenbach, A.; Bickelhaupt, 
F. M. Chem. Phys. 2005, 313, 261; (d) Diefenbach, A.; de Jong, G. T.; Bickelhaupt, F. M. J. Chem. Theory Comput. 
2005, 1, 286; (e) de Jong, G. T.; Bickelhaupt, F. M. J. Chem. Theory Comput. 2006, 2, 322. 
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modeled with the Pople basis set 6-31G(d), whereas iodine is nearly universally modeled51 with 
a pseudopotential. In the author’s experience, the Stuttgart-Dresden basis set is most commonly 
used for bromine, although there are published polarization functions52 for its LANL2DZ basis 
set. Gaussian ’03 has a basis set 6-31G(d) for bromine53, although its origin is unclear as it does 
not appear to be published in a peer-reviewed journal, and an associate has pointed out54 that it is 
not available in the computational chemistry program Jaguar. 
These facts necessitate analysis of the effects of the basis sets employed for the 
stereoelectronic comparisons featured in this work. Notwithstanding the specific choice of a type 
of basis set, the comparison of basis sets is especially important whereas methodical analysis of 
stereoelectronic effects for synthetic development will require the comparison of small energy 
differences. This is to say that a typical computational analysis for the development of chiral 
auxiliaries or catalysts will more likely need to improve on a very modest selectivity (ca. 0~2 
kcal/mol) than on a substantial one (ca. 3+ kcal/mol). To this end, the basis sets were 
independently varied for the lighter elements (C, H, N, O, and P), Br, and Pd in order to gauge 
the expected accuracy for this family of calculations. Single points calculations use the 
geometries of 16a and 16b optimized at the level indicated by an asterisk; this data point has 
been repeated throughout the tables for comparative purposes. Tables 6, 7, 8, and 9 list the SCF 
energy differences (E(16a) – E(16b)) in kcal/mol with several basis sets, as well as the number 
of basis functions and primitive gaussians for the respective calculations at the given level. The 
                                                 
51 Nineteen of thirty available basis sets have a pseudopotential; several of the all-electron basis sets are very rare 
indeed. See http://www.emsl.pnl.gov/forms/basisform.html. 
52 C.E. Check, T.O. Faust, J.M. Bailey, B.J. Wright, T.M. Gilbert and L.S. Sunderlin, J. Phys. Chem. A 2001, 105, 
8111. 
53 Included in the supporting information in the terminal section. 
54 Personal communication with D. Goldfeld, Columbia University. 
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one-hundredths place is included to avoid rounding errors, rather to imply physical significance 
at that level of accuracy. SCF energies are given in the terminal section. 
 
Table 6.  ∆E =E(16a) – E(16b), with Several Basis Sets for Pd 
Entry C, H, N, O, P Br Pd # BF # PG ∆E  
        
1 6-31G(d) LANL2DZ(pd) LANL2DZ 760 1531 1.56  
2 “ “ LANL2TZ 769 1531 0.56  
3 “ “ LANL2DZ(f) 767 1541 1.07 * 
4 “ “ LANL2TZ(f) 776 1541 0.65  
5 “ “ LANL2DZ(4f) 788 1571 1.61  
6 “ “ LANL2TZ(4f) 797 1571 1.18  
7 “ “ LANL2DZ(4f,p) 791 1574 1.60  
8 “ “ LANL2TZ(4f,p) 800 1574 1.08  
9 “ “ LANL2DZ(4f,p,g) 800 1589 1.57  
10 “ “ LANL2TZ(4f,p,g) 809 1589 1.01  
11 “ “ SDD 774 1546 1.73  
12 “ “ CrenBL 778 1525 0.97  
13 “ “ CrenBS 747 1517 1.64  
14 “ “ Ahlrichs Coulomb 806 1616 12.77  
15 “ “ Hay-Wadt MB (n+1) 760 1531 1.57  
16 “ “ DZVP (DFT) 774 1589 0.52  
 
 According to the data in Table 6, palladium’s basis set may influence the relative 
energies to a small, but synthetically relevant extent. A few less common basis sets give results 
that are comparable to those from the SDD and LANL basis sets. While they are therefore 
reasonable for such analyses, they offer similar results without any computational savings. 
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Furthermore, the lack of data in the literature for comparison of these basis sets implores the use 
of the more established basis sets. One all-electron basis set (Entry 14) gives an inappropriately 
large energy difference and was therefore excluded from further analysis. 
The remaining basis sets give a mean ∆E of 1.2 ± 0.4 kcal/mol. The LANL basis sets that 
are decontracted to triple-zeta quality give a smaller energy difference than those of double-zeta 
quality by approximately 0.5 kcal/mol; this may be consistent with the belief that decontraction 
offers stabilization by improving orbital flexibility45(b). The SDD basis set (Entry 11) gives a 
slightly larger ∆E than those from many of the LANL basis sets. Because there is a larger body 
of literature regarding the LANL basis sets (especially with regard to polarization functions, 
which are notably absent from the SDD basis sets in the literature), the author prefers to use the 
LANL family. Interestingly, as seen in Figure 5, the LANL2DZ(f) basis set affords an energy 
very similar to those of the larger LANL2TZ basis sets; while this appears anomalous for the 
double-zeta family, a fortuitous cancellation of errors in this particular basis set may in fact give 
a more accurate answer at lower computational cost.  
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Figure 5. Energy Dependence with LANL Basis sets for Pd 
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       The data is found in Table 6. 
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Table 7. ∆E = E(16a) – E(16b), with Several Basis Sets for Br 
Entry C, H, N, O, P Br Pd # BF # PG ∆E  
        
1 6-31G(d) LANL2DZ LANL2DZ(f) 759 1532 1.99  
2 “ LANL2DZ(pd) “ 767 1541 1.07 * 
3 “ LANL2TZ “ 763 1532 1.45  
4 “ LANL2TZ(pd) “ 771 1541 1.20  
5 “ SDD “ 762 1539 1.78  
6 “ SDD SDD 769 1544 0.89  
7 “ SDB-cc-pVTZ LANL2DZ(f) 780 1586 -0.96  
8 “ SDB-cc-pVQZ “ 805 1617 0.85  
9 “ SDB-aug-cc-pVTZ “ 796 1606 1.11  
10 “ SDB-aug-cc-pVQZ “ 830 1652 0.38  
11 “ cc-pVDZ “ 778 1702 2.23  
12 “ cc-pVDZ-PP “ 774 1615 1.85  
13 “ cc-pVTZ “ 794 1763 0.99  
14 “ cc-pVTZ-PP “ 790 1661 1.90  
15 “ aug-cc-pVDZ “ 787 1712 0.85  
16 “ aug-cc-pVDZ-PP “ 783 1625 1.58  
17 “ aug-cc-pVTZ “ 810 1783 0.86  
18 “ aug-cc-pVTZ-PP “ 806 1681 1.53  
 
The basis sets for bromine conferred more energy variation than those for palladium, as 
shown in Table 7. A coherent trend among the Stuttgart basis sets is not observed. In three of 
four cases, the correlation-consistent basis sets give a larger ∆E when a pseudopotential is 
employed versus an all-electron version of the basis set (Entries 11-18). cc-pVDZ-PP and cc-
pVTZ-PP give equal energy differences (1.9 kcal/mol), and the augmented variants of these basis 
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sets, aug-cc-pVDZ-PP and aug-cc-pVTZ-PP also give similar values (1.6 and 1.5 kcal/mol, 
respectively). Interestingly, one particular basis set (SDB-cc-pVTZ) reversed the selectivity 
among the two contrasted structures; no reason is offered for this irregularity, but this basis set is 
removed from subsequent analysis. 
Typically, when a Stuttgart basis set is employed in a calculation, that family of basis sets 
is used for all of the heavy elements in that calculation. It is interesting to note, then, that 
matching both Br and Pd with SDD basis sets (Entry 6) gives an energy difference nearly 1 
kcal/mol smaller than using SDD for Br but LANL2DZ(f) for Pd (Entry 5). This is an anecdotal 
suggestion that the energy difference may lie closer to 1 kcal/mol than to 2 kcal/mol. 
 
Table 8. ∆E = E(16a) – E(16b), with Several Basis Sets for C, H, N, O, and P 
Entry C, H, N, O, P Br Pd # BF # PG ∆E  
        
1 6-31G(d) LANL2DZ(pd) LANL2DZ(f) 767 1541 1.07 * 
2 6-31G(d,p) “ “ 899 1673 1.68  
3 6-311G(d) “ “ 995 1755 1.81  
4 6-311G(d,p) “ “ 1127 1887 1.65  
5 6-311+G(d,p) “ “ 1307 2067 1.18  
6 6-311++G 
(3df,3pd) 
“ “ 2600 3629 1.09  
7 cc-pVDZ “ “ 899 1914 1.71  
8 cc-pVTZ “ “ 2015 3260 1.40  
9 aug-cc-pVDZ “ “ 1480 2540 0.89  
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Lighter elements’ basis sets are also significant in the energy determination. The results 
of variation of the basis set for C, H, N, O, and P are given in Table 8 and plotted in Figure 6. An 
interesting energy dependence is observed in Figure 6: the smallest basis set tested, 6-31G(d), 
gives the same energy difference as the largest basis set tested, 6-311++G 
(3df,3pd). It is often stated informally among computational chemists that the Pople basis set 6-
31G(d) functions so well by a “fortuitous cancellation of errors” and that the application of just a 
moderate number of polarization or diffuse functions will unbalance this cancellation and 
actually decrease the calculation’s accuracy. The results presented here agree well with this 
informal opinion, and suggest that good accuracy of relative energies may be had with 
significant computational savings by using the popular 6-31G(d) basis set for the lighter p-block 
elements. 
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Figure 6. Energy Dependence with Several Basis Sets for C, H, N, O, and P 
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           The data is found in Table 8. 
 
Table 9. ∆E = E(16a) – E(16b), with Assorted Basis Sets of Increasing Size 
Entry C, H, N, O, P Br Pd # BF # PG ∆E  
        
1 6-31G(d) LANL2DZ(pd) LANL2DZ(f) 767 1541 1.07 * 
2 6-31G(d,p) SDD SDD 901 1676 0.16  
3 6-311+G(d,p) cc-pVTZ-PP SDD 1341 2294 -0.44  
4 aug-cc-pVDZ SDB-aug-cc-pVQZ LANL2DZ(4f) 1564 2681 0.78  
 
 Four data points are also presented in Table 9 which include selected simultaneous 
variations in the basis sets for the lighter and heavier elements while maintaining a reasonable 
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range of basis functions per calculation. The range of these results is striking, especially with the 
appearance of another example of the reversal of selectivity (Entry 3). The addition of 
polarization functions to the hydrogen atoms (contrast Table 9, Entry 2 with Table 7, Entry 6) 
decreases the energy difference by an unreasonable extent. Thus, the data in Table 9 also support 
the use of the more common Pople basis set 6-31G(d) or aug-cc-pVDZ for the lighter elements. 
 
 Based on the data presented above, the author suggests that the energy difference 
between 16a and 16b lies near 1.0 kcal/mol, and that the combination of 6-31G(d) for the light 
elements, LANL2DZ(pd) for bromine, and LANL2DZ(f) for palladium constitute a reasonable 
basis set for the calculations presented subsequently. 
 
VI. Steric Effects in Oxidative Addition Complexes with KenPhos and Other Chiral 
       Ligands 
 
 An energy difference of 1 kcal/mol due to atropisomerism of 16 is subtle, indeed. 
Enhancement of the diastereoselectivity of oxidative addition with this class of compounds 
therefore requires analysis of the steric effects that are source of this small energetic preference. 
Some structural features of KenPhos are modified systematically to illustrate their individual 
effects. The atropisomeric complexes55 analogous to 16 are optimized for the ligands shown in 
Figure 7. 
 
 
                                                 
55 These complexes are numbered analogously to 16a and 16b. For example, ligand 19 gives complexes 19a and 
19b. 
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Figure 7. KenPhos and Modified Structures 
 
 
 
The effect of the ligand’s bulk around palladium on the asymmetry was gauged by adding 
a methyl group in structure 18 to push the palladium closer to the lower ring. The effect of the 
rigidity and bulk of the biaryl portion was gauged by independently replacing the upper and 
lower naphthyl rings with phenyl rings in structures 19 and 20. Finally, chiral influence near the 
phosphorus atom was gauged by independently replacing one cyclohexyl group with a tert-butyl 
group, resulting in the two diastereomeric ligands 21 and 22. 
 
Figure 8. Complexes 16 with Highlighted Bonds and Dihedral Angles 
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The dihedral angles indicated in Figure 8 correlate to the torquing of the nitroarene 
relative to the lower ring of the ligand, and is an indicator of the ligand’s steric effects. If 
geometry about the Pd is constrained to a square plane, then these dihedral angles correspond to 
rotation about the indicated P-Pd bond. When both sides of the substrate experience equal steric 
repulsion, the Pd’s square plane will be nearly coplanar with the lower ring of the ligand, and the 
dihedral angles will be approximately 90°. Greater repulsion from one part of the ligand will 
cause a greater torquing effect, further deviating the two aromatic rings from coplanarity. To 
quantify the chirality effects, the SCF energy difference between the two chelating atropisomers 
with ligands 6 and 18 through 22 is plotted against the dihedral angles shown in Figure 8. The 
data is given in Table 10 and plotted in Figure 9.  
 
Table 10. Relative Energies ((#a) – (#b)) and Dihedral Angles 
Ligand # Dihedral A (°) Dihedral B (°) ΔE (kcal/mol) B3LYP /  6-31G(d) 
 
C, H, N, O, P 
    LANL2DZ(pd) + RECP 
LANL2DZ(f) + RECP 
Br 
Pd 
18 66.0 82.9 0.7   
22 67.2 83.5 -0.4   
19 90.5 86.5 -1.8   
20 86.5 90.5 0.6   
6 82.7 98.1 1.1   
21 101.9 112.6 2.8   
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Figure 9. Dihedral Angles vs. Energy Difference 
y = 0.087x - 6.2624
R2 = 0.7559
-3
-2
-1
0
1
2
3
4
50.0 60.0 70.0 80.0 90.0 100.0 110.0
Dihedral A (deg.)
Δ
E 
(k
ca
l/m
ol
)
 
       The data is found in Table 10. 
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         The data is found in Table 10. 
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y = 0.1005x - 8.0452
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 The data is found in Table 10. 
 
As is expected, near dihedrals of 90°, the rings are nearly coplanar and the energy 
difference is small. In these cases, there is little torquing of the arene, and both sides of the ring 
experience similar steric effects. As the torquing is increased, however, there is a notable 
increase in the energy difference between the two atropisomers, indicating that the steric effects 
begin to more strongly favor one orientation of the ring to the other. Ligand 19 gives a 
surprisingly strong reversal of selectivity. This suggests that the lower napthyl ring of KenPhos 
is a significant source of steric effects, and its removal makes the opposite side of the ring 
(bearing a dimethylamino group) more bulky. This, in turn, raises the possibility of maintaining 
the greater catalytic activity of the smaller biphenyl-based ligands by strategically increasing the 
bulk of their lower rings. 
The P-chiral ligands 21 and 22 display an interesting “matched” and “mis-matched” 
behavior. The RP ligand 21 gives a substantial energy preference in one direction, whereas the SP 
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ligand 22 gives a weak preference in the opposite direction. Three-dimensional models of these 
ligands in Figure 10 offer an explanation: the tert-butyl group in the SP ligand 22 is proximal to 
the dimethylamino group, whereas in the RP ligand 21 it is proximal to the naphthyl ring. The RP 
ligand is therefore much bulkier in the region of the naphthyl ring, which was just shown to be a 
significant steric effect. The tert-butyl group of the SP ligand counteracts the bulk of the naphthyl 
ring, and in fact is so bulky as to slightly reverse the selectivity (-0.4 kcal/mol). Thus, both axial 
and P-chirality can influence this energy difference. 
 A set of additional ligands are subjected to this analysis, and they are illustrated in Figure 
11. The bulkiness of the naphthyl ring is confirmed by its replacement in MilnePhos 23; as 
shown in Table 11, MilnePhos shows very little selectivity indeed (0.2 kcal/mol). In contrast, 
shrinking the upper naphthyl ring as in 20 affects the selectivity to a much smaller extent. 
 
Figure 10. Ligands 21 and 22 
   
21    22 
Increased bulk 
here 
Distributed 
Bulk 
 43
Figure 11. Some Chiral Phosphines 
 
 
 Yin showed16 that the trimethylsilylated ligand 27 performs similarly to KenPhos with 
ortho-nitroaryl halides; the energy differences between the atropisomeric oxidative addition 
complexes are similar as well (1.1 kcal/mol for KenPhos, and 1.5 kcal/mol for 27). Hirai’s 
ligand56 29 was better suited for the more challenging substrates lacking an ortho-coordinating 
group; the energy difference here was higher (1.7 kcal/mol), although no experimental data is 
available for the coupling of 2-bromonitrobenzene using her ligand. These results suggest that 
groups bulkier than a naphthyl ring may provide higher enantioselectivity, and that the smaller 
biaryl ligands such as 29 can be suitable even for more challenging couplings. 
                                                 
56 Hirai, S. M.S. Thesis, Massachusetts Institute of Technology, Cambridge, MA, 2005. 
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 To investigate the substitution patterns that may lead to still greater energy or geometry 
differences between the two atropisomeric oxidative addition complexes, some biaryl ligands are 
systematically modified to assess the steric effects at different positions. As bulk at the 2’ 
position (e.g., tBu, TMS, and Me2N groups) seems inadequate to provide the selectivity desired, 
the 3’ position is investigated.  
 
Table 11. More Relative Energies ((#a) – (#b)) and Dihedral Angles  
Ligand # Dihedral (°) ΔE (kcal/mol) B3LYP / 
6-31G(d) 
 
C, H, N, O, P, Si 
18 82.9 0.7 LANL2DZ(pd) + RECP 
LANL2DZ(f) + RECP 
Br 
Pd 
22 83.5 -0.4   
19 86.5 -1.8   
20 90.5 0.6   
27 90.6 1.5   
23 90.7 0.2   
26 93.8 1.2   
29 93.9 1.7   
25 97.9 1.4   
6 98.1 1.1   
24 106.2 0.3   
28 111.2 -1.2   
21 112.6 2.8   
31 119.2 -0.9   
32 122.1 1.5   
10 128.0 2.2   
30 134.8 3.2   
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The alkylated MOP-derivative 28 shows a large reversal of selectivity (-1.2 kcal/mol), 
further implicating counteraction of the naphthyl ring as an important steric effect. SPhos is 
substituted in the 3’ position with tert-butyl (24), phenyl (25), and triisopropylphenyl (27) 
groups. The two aryl-substituted ligands show a larger energy difference between the two 
atropisomers, although the alkylated ligand also shows a substantial torquing effect. To improve 
the energy difference while maintaining a significant asymmetric geometry, P-chirality is 
introduced in 31 and 32 as it was with KenPhos derivatives 21 and 22. A similar matching and 
mismatching behavior is observed here: the (Rax,RP) isomer shows both greater torquing of the 
arene and a greater energy difference (1.5 kcal/mol), whereas the (Rax,SP) isomer is only slightly 
torqued and gives a smaller energy preference in the opposite direction (-0.9 kcal/mol). 
 Due to the substantial effect seen previously due to a chiral phosphorus, a new ligand 10 
is designed by placing the bulkier triisopropylphenyl group on the lower ring in combined with 
the more effective sense of P-chirality from ligand 32. Complexes with ligand 10 show both a 
more substantial torquing and a greater energy difference (2.2 kcal/mol). Notably, this energy 
difference is twice that calculated for KenPhos. It is hypothesized57 that a neopentyl group at 
phosphorus (30) may offer substantially more bulk than tert-butyl, with plausible results as seen 
in Table 11. 
 
                                                 
57 A Monte-Carlo simulation performed with Spartan ’04 with ligand 30 indicates that in the lowest energy 
conformations, the neopentyl group points towards the lower ring. Contrary to this calculation, however, the bulky 
group may instead rotate away from the arene after oxidative addition. A conformational analysis of the oxidative 
addition complexes 30 has not been attempted. 
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VII. Conclusions 
 
 The oxidative addition of o-bromonitrobenzene likely occurs via different geometric 
isomers than do other aryl halides; the chelating potential of this substrate likely accounts for the 
improved enantioselectivity with their use in cross-couplings. The 3’ position of the biaryl 
ligands more strongly influences the ligands’ axial chiral induction than does the 2’ position, and 
chirality at phosphorus is just as strong an effect as axial chirality for the chelating substrate 
investigated here. Additionally, simultaneous P-chirality and axial chirality may function either 
cooperatively or destructively for stereoselection of the atropisomers investigated herein. 
Ligands 32 and 10 have significant geometric differences from KenPhos that are likely to 
improve the diastereoselectivity of oxidative addition and improve the enantioselectivity of 
cross-coupling. For both the energy differences and the strategic asymmetry they impart to the 
complexes investigated here, ligands 32 and 10 are considered important synthetic targets for 
new ligands for asymmetric cross-coupling. 
 
VIII. Initial Synthetic Work 
 
 It was envisioned that the chiral phosphine 32 may be synthesized without the need for 
resolution by the very elegant method of Jugé58 illustrated in Figure 12. This method employs 
enantiopure ephedrine as an inexpensive chiral auxiliary to give stereoselective formation of 
phosphines by substitution at phosphorus with alkyl and aryl nucleophiles.  
 
                                                 
58 Jugé, S.; Genet, J.-P. Tetrahedron Lett. 1989, 30, 2783. 
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Figure 12. Jugé’s Stereoselective Synthesis of P-Chiral Phosphines 
 
 
The attempted synthesis of 32 is illustrated in Figure 13. Although 33 and 34 were easily 
prepared by the literature method, neither methanolysis of 33, nor substitution of 34 with tert-
butyllithium or tert-butylmagnesiumchloride, were successful. The author is unaware of any 
reports of a successful use of this procedure with tert-butyl phosphines, as the “neopentyl rule” 
seems to prohibit substitution at a bulky phosphorus such as in 33 and 34. The use of bulky 
phospholidines has been studied, however.59 This route was thus abandoned in favor of one with 
a classical resolution. 
 
Figure 13. Attempted Stereoselective Synthesis of P-Chiral Phosphines 
 
                                                 
59 (a) Brown, J. M.; Laing, J. C. P. J. Organomet. Chem. 1997, 529, 455; (b) Rippert, A. J.;  Linden, A.; Hansen, H. 
Helv. Chim. Acta. 2000, 83, 311. 
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 Hirai56 resolved the biaryl iodide 35 by demethylation of the racemate with BBr3, 
resolution of the camphorsulfonated phenol by crystallization, and subsequent remethylation. 
When this procedure was attempted on a biaryl halide with a dimethoxy-containing lower ring, 
however, the phenoxide racemized.60 By analogy to the resolution of 37 during the synthesis of 
KenPhos, ligand 10 may be modified to 36 by the inclusion of a dimethylamino group on the 
lower ring to allow for resolution with a chiral acid. Ligand 36 is prepared by the procedure in 
Figure 14. As of this writing, resolution of ligand 36 has not been attempted. Normal-phase 
chiral HPLC analysis of 36 has not been successful as its retention time is very small in mobile 
phases that are sufficiently polar to dissolve it. 
 
 
                                                 
60 Unpublished results (M. Rainka). 
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Figure 14. Synthesis of Ligand 36.  
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IX. Experimental Details 
 
 Flash column chromatography is performed on a Biotage SP4 purification system. 
Nuclear Magnetic Resonance spectra were recorded at ambient temperature on a 400 MHz 
Bruker instrument. 1H NMR data are reported in units of parts per million downfield from 
tetramethylsilane and are referenced to published deuterated solvent chemical shifts. 31P NMR 
data are reported in ppm relative to H3PO4. Mass spectra (GC/MS) were recorded on an Agilent 
6850 GC with a 5975 inert mass selective detector. Melting points are uncorrected, and were 
obtained using a Mel-Temp capillary melting point apparatus. Anhydrous THF, diethyl ether, 
and toluene were purchased from J. T. Baker in CYCLE-TAINER® solvent delivery kegs and 
vigorously purged with argon for 2 h, then further purified by passing them under argon pressure 
through two packed columns of neutral alumina (for THF and ether) or through neutral alumina 
and copper(II) oxide (for toluene). Pd(OAc)2 was supplied by Engelhard. Anhydrous tribasic 
potassium phosphate was purchased from Fluka. All other reagents were commercially available 
and ordered from Aldrich, Alfa Aesar, Acros, or Lancaster, and were used without further 
purification. tert-butyldichlorophosphine was stored and handled in a nitrogen-filled glovebox; 
all other reagents were stored and handled in air. Unless otherwise noted, the given yields refer 
to isolated yields of compounds estimated to be ≥ 95% pure as determined by 1H NMR analysis. 
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2,4-dimethoxyphenylboronic acid. A 1 L 2-necked round-bottomed flask is oven-dried and 
cooled under argon atmosphere. The flask is equipped with a stirbar, and is fitted at the necks 
with a septum and an internal thermometer. 1-bromo-2,4-dimethoxybenzene (27.1 g, 125 mmol) 
is added by syringe. Anhydrous THF (250 mL) is added by cannula under argon pressure, and 
the mixture is cooled on a bath of dry ice and isopropanol. With good stirring, n-butyllithium 
(50.0 mL of 2.5 M solution in hexane, 125 mmol) is added over 10 min by syringe, and the 
mixture is stirred at the bath temperature for an additional 10 min. Triisopropylborate (31.7 mL, 
138 mmol) is added swiftly in one portion by syringe. The mixture is allowed to warm to room 
temperature overnight. The septum is removed, and with vigorous stirring, 2.0 M HCl (aq.) (250 
mL) is added through the neck. The mixture is stirred vigorously for 30 min, and then transferred 
to a separatory funnel with the aid of diethyl ether (500 mL). The layers are separated. The 
organic layer is washed with water (two portions of 100 mL), and then brine (100 mL). The 
combined aqueous layers are extracted with diethyl ether (two portions of 200 mL). The 
combined organic layers are dried over anhydrous sodium sulfate, and then concentrated at the 
rotary evaporator to a grey solid that is recrystallized from water (300 mL) to give pale yellow 
needles (18.7 g, 82%). Colorless needles may be had by recrystallization from dichloromethane. 
Mp = 121-126 °C (CH2CL2) (lit61 113-119 °C (water)). 1H NMR (400 MHz, CD3C(O)CD3): δ 
7.75 (d, 1H, J 8.8 Hz), 6.84 (s, 2H), 6.57 (m, 2H), 3.92 (s, 3H), 3.83 (s, 3H). )). 13C NMR (100 
MHz, CD3C(O)CD3): δ 167.2, 164.6, 138.8, 106.3, 98.3, 55.9, 55.6. 
                                                 
61 Laufer, R. S., Veith, U., Taylor, N. J., Snieckus, V. Org. Lett. 2000, 2, 629-632. 
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2,4,6-triisopropyl-2’,4’-dimethoxybiphenyl. A 300 mL round-bottomed flask is equipped with 
a stirbar and charged with palladium acetate (225 mg, 1.00 mmol), XPhos (953 mg, 2.00 mmol), 
2,4-dimethoxyphenylboronic acid (13.7 g, 75.0 mmol), and potassium phosphate tribasic (31.8 g, 
150 mmol). The flask is fitted with a reflux condenser, and then twice evacuated and backfilled 
with argon. Toluene (100 mL) is added by cannula under argon pressure, and with stirring, 1-
bromo-2,4,6-triisopropylbenzene (12.5 mL, 50.0 mmol) is added by syringe. The mixture is 
placed in a 100 °C oil bath and stirred for 12 h. The mixture is cooled and filtered with washes of 
ethyl acetate. The filtrate is concentrated with the aid of rotary evaporator to a yellow residue 
that is washed with cold methanol (75 mL) to give a white solid (11.6 g, 68%). An analogous 
experiment with 4.0 mmol of aryl bromide gave 95% yield after column chromatography with 
93:7 hexanes:ethyl acetate as eluant. Mp = 119-121 °C. 1H NMR (400 MHz, CD3C(O)CD3): δ 
7.06 (s, 2H), 6.88 (d, 1H, J 8 Hz), 6.64 (d, 1H, J 2.4 Hz), 6.58 (m, 1H), 3.85 (s, 3H), 3.71 (s, 3H), 
2.92 (m, 1H), 2.59 (m, 2H), 1.28 (d, 6H, J 6.8 Hz), 1.04 (t, 12H, J 6.8 Hz). 13C NMR (100 MHz, 
CD3C(O)CD3): δ 161.2, 159.3, 148.2, 148.0, 134.3, 132.3, 122.2, 121.0, 105.2, 99.1, 55.6, 55.5, 
35.1, 31.3, 24.6, 24.3. 
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2’,4’,6’-triisopropyl-2,4-dimethoxy-5-nitro-biphenyl. A 300 mL round-bottomed flask is 
equipped with a stirbar and is charged with 2,4-dimethoxy-2’,4’,6’-triisopropylbiphenyl (10.2 g, 
30.0 mmol). The solid is dissolved in chloroform (120 mL) under ambient atmosphere. A 1:1 
mixture (by volume) of red fuming nitric acid and glacial acetic acid (15.0 mL) is added by 
pipette over a few minutes. The green solution is stirred for 10 min and then transferred to a 
separatory funnel with the aid of diethyl ether (500 mL). The solution is neutralized with 
saturated aqueous sodium bicarbonate (300 mL), and then the layers are separated. The organic 
layer is washed with water (two portions of 200 mL) and then brine (200 mL). The combined 
aqueous layers are extracted twice with dichloromethane (200 mL, then 100 mL). The combined 
organic layers are dried over anhydrous sodium sulfate (30 g), and then concentrated with the aid 
of a rotary evaporator to a brown solid (11.5 g, 99% crude). The material is used in its unpurified 
state. Pure material may be had by flash column chromatography with 6:4 
dichloromethane:hexanes as eluant; an analogous experiment on the 1.0 mmol scale gave 85% 
yield of a pale yellow solid after column chromatography. Mp = 199-201 °C. 1H NMR (400 
MHz, CD3C(O)CD3): δ 7.64 (s, 1H), 7.12 (s, 1H), 7.00 (s, 1H), 4.10 (s, 3H), 3.92 (s, 3H), 2.95 
(m, 1H), 2.54 (m, 2H), 1.29 (d, 6H, J 6.8 Hz), 1.07 (d, 12H, J 6.8 Hz). 13C NMR (100 MHz, 
CD3C(O)CD3): δ 163.6, 156.0, 149.3, 148.0, 132.9, 131.8, 129.3, 122.0, 121.5, 97.7, 57.2, 56.7, 
35.2, 31.6, 24.5, 24.2. 
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dimethyl-(2',4',6'-triisopropyl-4,6-dimethoxy-biphenyl-3-yl)-amine. A 500 mL Parr bottle is 
charged with crude 2,4-dimethoxy-5-nitro-2’,4’,6’-triisopropylbiphenyl (11.5 g, 29.9 mmol), 
37% (w/v) aqueous formaldehyde (6.00 mL, 73.5 mmol), 150 mL of methanol, and Raney 
Nickel 2800 slurry (8.9 mL). The bottle is pressurized at a Parr apparatus and purged with 
hydrogen twice, and then pressurized to 45 psig and shaken overnight. Celite (20 g) is added, and 
then the mixture is poured onto a fritted glass funnel topped with a pad of celite. The mixture is 
topped with another pad of celite, and then filtered with washings of methanol and ethyl acetate 
(500 mL each). The filtrate is dried on anhydrous sodium sulfate (30 g) and concentrated to a 
brown solid. The solid is purified by flash column chromatography with a gradient of 9:1 to 7:3 
hexanes:ethyl acetate as eluant to give a pale brown solid (8.62 g, 75% yield; or, 75% over two 
steps). An analogous experiment on the 1.0 mmol scale with purified starting material gave 83% 
yield (or, 71% over two steps) of a pale brown solid after column chromatography. Mp = 115-
116 °C. 1H NMR (400 MHz, CD3C(O)CD3): δ 7.06 (s, 2H), 6.75 (s, 1H), 6.52 (s, 1H), 3.93 (s, 
3H), 3.69 (s, 3H), 2.93 (m, 1H), 2.66 (s, 6H), 2.62 (m, 2H), 1.29 (d, 6H, J 6.8 Hz), 1.07 (d, 6H, J 
7.2 Hz), 1.05 (d, 6H, J 6.8 Hz). 13C NMR (100 MHz, CD3C(O)CD3): δ 153.5, 153.4, 148.1, 
147.9, 136.5, 134.8, 121.7, 121.0, 121.0, 98.15, 56.0, 55.9, 43.9, 35.2, 31.3, 24.9, 24.6, 24.2. 
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dimethyl-(2''-Bromo-2,4,6-triisopropyl-2',4'-dimethoxy-[1,1';3',1'']terphenyl-5'-yl)-amine. 
A 50 mL round-bottomed flask is oven-dried and cooled under an atmosphere of argon. The 
flask is charged with a stirbar and dimethyl-(2',4',6'-triisopropyl-4,6-dimethoxy-biphenyl-3-yl)-
amine (2.49 g, 6.5 mmol). The flask is evacuated and backfilled with argon; this process is 
repeated. The solid is dissolved in diethyl ether (20 mL), and the flask is placed on an ice bath. n-
butyllithium (2.73 mL of 2.5 M solution in hexane, 6.83 mmol) is added over 1 min, and the ice 
bath is removed. The mixture is stirred at room temperature for 2 h. 1-bromo-2-chlorobenzene 
(0.798 mL, 6.83 mmol) is dissolved in anhydrous diethyl ether (about 1.5 mL) and added over 30 
minutes by syringe pump. The mixture is stirred for an additional 10 min, and then water (10 mL 
containing 1 mL of saturated aqueous KH2PO4) and ethyl acetate (10 mL) are added. The layers 
are separated in a separatory funnel, and then the aqueous layer is extracted with ethyl acetate 
and dichloromethane (20 mL each). The combined organic layers are dried on anhydrous sodium 
sulfate and then concentrated with the aid of a rotary evaporator to a brown oil that is purified by 
flash column chromatography with a gradient of 98:2 to 95:5 hexanes:ethyl acetate to give a 
yellow foam (3.07 g, 88%). 1H NMR (400 MHz, CD3C(O)CD3): δ 7.69 (d, 1H, J 7.6 Hz), 7.43 
(m, 2H), 7.30 (m, 1H), 7.11 (d, 2H, J 1.2 Hz), 6.67 (s, 1H), 3.61 (s, 3H), 3.02 (s, 3H), 2.94-2.99 
(14H), 1.29-1.18 (18H). 13C NMR (100 MHz, CD3C(O)CD3): δ 150.7, 149.9, 148.7, 148.1, 
147.3, 142.4, 138.3, 134.4, 133.1, 133.0, 130.8, 129.7, 129.4, 127.7, 125.8, 121.5, 121.4, 121.4, 
60.2, 58.8, 43.2, 35.1, 31.6, 31.3, 26.0, 25.7, 24.6, 24.6, 23.9, 23.7. 
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dimethyl-[2''-(tert-butyl-phenyl-phosphanyl)-2,4,6-triisopropyl-2',4'-dimethoxy-
[1,1';3',1'']terphenyl-5'-yl]-amine (36). Two 50 mL round-bottomed flasks and stirbars are 
oven-dried and cooled under an atmosphere of argon. In a nitrogen-filled glovebox, tert-
butyldichlorophosphine (0.477 g, 3.00 mmol) is weighed in a flask, covered with a rubber 
septum, and removed from the glovebox. The chlorophosphine is dissolved in  anhydrous diethyl 
ether (18 mL), and cooled on a bath of dry ice and isopropanol. Phenyllithium (1.67 mL of a 1.8 
M solution in dibutyl ether, 3.00 mmol) is added over 30 min by syringe pump, and then the 
cooling bath is removed. The mixture becomes cloudy while stirring for 1 h. The mixture is 
allowed to settle, and then 6.6 mL of the supernatant is removed by syringe for later use. The 
second flask is charged with dimethyl-(2''-bromo-2,4,6-triisopropyl-2',4'-dimethoxy-
[1,1';3',1'']terphenyl-5'-yl)-amine (0.539 g, 1.00 mmol). The flask is then evacuated and 
backfilled with argon; this process is repeated. The solid is dissolved in anhydrous diethyl ether 
(4.0 mL), and then cooled on a bath of dry ice and isopropanol. n-butyllithium (0.800 mL of a 
2.5 M solution in hexane, 2.00 mmol) is added over 5 min by syringe, and the mixture is stirred 
at the bath temperature for an additional 10 min. The bath is removed for 15 min, at which point 
the mixture becomes cloudy, and then the flask is returned to the bath. The solution of tert-
butylphenylchlorophosphine (6.6 mL, see above) is then added by syringe pump over 30 min. 
The solution is allowed to warm to room temperature overnight. The septum is removed, and 
ethyl acetate (20 mL) and water (10 mL containing 1 mL of saturated aqueous KH2PO4) are 
 57
added. The mixture is transferred to a separatory funnel and the layers are separated. The organic 
layer is washed with water and then brine (5 mL each). The combined aqueous layers are 
extracted with dichloromethane (10 mL). The combined organic layers are dried on anhydrous 
sodium sulfate, and concentrated to a colorless oil that is purified by flash column 
chromatography with a gradient of 98:2 to 95:5 hexanes:ethyl acetate. The oil is dissolved in 1:1 
(by volume) dichloromethane:methanol, and concentrated to an off-white solid (0.367 g, 59%). 
Mp = 60-68 °C. 1H NMR (400 MHz, CD3C(O)CD3): δ 7.46-7.38 (6H), 7.32 (d, 1H, J 7.2 Hz), 
7.22 (d, 1H, J 8 Hz), 7.15-7.13 (3H), 6.64 (s, 1H), 3.54 (s, 3H), 2.97-2.80 (13H), 1.31 (d, 9H, JHP 
3.2 Hz), 1.30-1.11 (18H). 13C NMR (100 MHz, CD3C(O)CD3): δ 157.6, 150.2, 149.6, 149.6, 
147.9, 147.5, 146.9, 146.6, 142.0, 141.1, 135.5, 134.4, 134.3, 134.1, 133.9, 133.9, 131.6, 131.5, 
130.8, 130.3, 128.9, 128.2, 127.7, 127.6, 127.5, 126.8, 126.5, 120.7, 120.6, 120.4, 120.0, 59.5, 
59.4, 58.3, 47.5, 42.6, 42.4, 34.3, 30.8, 30.7, 25.4, 25.1, 25.0, 23.8, 23.3, 23.0, 22.9. 
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X. Computational Details 
 
Calculations are performed with the Gaussian ’03 suite of programs1 on a home-built Linux 
cluster. While basis sets are investigated in this work, a large volume of the theoretical chemistry 
literature using the B3LYP hybrid density functional (Becke’s three-parameter hybrid functional 
with the correlation functional of Lee Young and Parr)2 demonstrates its marked prevalence; for 
this reason, density functionals are not investigated in this work. Where thermochemical data is 
presented, structures have been verified as transition states or ground states by vibrational 
frequency analysis. In other cases, the structures have been optimized with Gaussian’s default 
thresholds, or to SCF variation of at most 10-5 hartrees. 
 
Following are cartesian coordinates, basis sets, and energies for the optimized structures 
presented in this work. Non-numbered structures are organized by the table or figure number in 
which they occur. Numbered structures are presented in numerical order. 
                                                 
1 Gaussian 03, Revision D.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; 
Cheeseman, J. R.; Montgomery, Jr., J. A.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; 
Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; 
Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, 
M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.; Jaramillo, J.; Gomperts, R.; 
Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; 
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, 
O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, 
S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; 
Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, 
W.; Wong, M. W.; Gonzalez, C.; and Pople, J. A.; Gaussian, Inc., Wallingford CT, 2004 
2 (a) Becke, A. D. J. Chem. Phys 1993, 98, 1372. (b) Lee, C.; Yang, W.; Parr, R. G. Phys. Rev. B 1988, 37, 785. (c) 
Becke, A. D. J. Chem. Phys 1993, 98, 5648. 
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Table 1: trans-bis(phosphine)Pd 
 
 SCF Energy = -813.080484561 
 
 Pd                -0.00826800    0.00000000    0.00000000 
 P                 -0.00146400    0.00000000    2.30343200 
 H                  1.21742700    0.00000000    3.02929300 
 H                 -0.60591400    1.05257700    3.03788800 
 H                 -0.60591400   -1.05257700    3.03788800 
 P                 -0.00146400    0.00000000   -2.30343200 
 H                 -0.60591400   -1.05257700   -3.03788800 
 H                 -0.60591400    1.05257700   -3.03788800 
 H                  1.21742700    0.00000000   -3.02929300 
 
 Zero-point correction=                           0.053842 (Hartree/Particle) 
 Thermal correction to Energy=                    0.061524 
 Thermal correction to Enthalpy=                  0.062468 
 Thermal correction to Gibbs Free Energy=         0.019868 
 Sum of electronic and zero-point Energies=           -813.026643 
 Sum of electronic and thermal Energies=              -813.018961 
 Sum of electronic and thermal Enthalpies=            -813.018017 
 Sum of electronic and thermal Free Energies=         -813.060617 
 
 H  = 6-31G 
 P  = 6-31G(d) 
 Pd = LANL2DZ 
 
Table 1: (phosphine)Pd 
 
 SCF Energy = -469.899581334 
 
 Pd                -0.98178200    0.72626600   -0.00021600 
 P                 -3.18924200    0.72665700    0.00018200 
 H                 -3.92364200    1.88180600   -0.37855900 
 H                 -3.92305800   -0.17891500   -0.81127100 
 H                 -3.92364300    0.47666500    1.18986400 
 
 Zero-point correction=                           0.026904 (Hartree/Particle) 
 Thermal correction to Energy=                    0.030764 
 Thermal correction to Enthalpy=                  0.031708 
 Thermal correction to Gibbs Free Energy=        -0.000011 
 Sum of electronic and zero-point Energies=           -469.872677 
 Sum of electronic and thermal Energies=              -469.868818 
 Sum of electronic and thermal Enthalpies=            -469.867873 
 Sum of electronic and thermal Free Energies=         -469.899592 
 
 H  = 6-31G 
 P  = 6-31G(d) 
 Pd = LANL2DZ 
 
Table 1: phosphine 
 
 SCF Energy = -343.137807082 
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 P                 -3.15487500    0.72710800   -0.00292900 
 H                 -3.93050000    1.86333700   -0.37157200 
 H                 -3.93049400   -0.16486600   -0.79746900 
 H                 -3.92122500    0.48040300    1.17197000 
 
 Zero-point correction=                           0.024252 (Hartree/Particle) 
 Thermal correction to Energy=                    0.027152 
 Thermal correction to Enthalpy=                  0.028096 
 Thermal correction to Gibbs Free Energy=         0.003208 
 Sum of electronic and zero-point Energies=           -343.113556 
 Sum of electronic and thermal Energies=              -343.110655 
 Sum of electronic and thermal Enthalpies=            -343.109711 
 Sum of electronic and thermal Free Energies=         -343.134599 
 
 H = 6-31G 
 P = 6-31G(d) 
 
Table 1: trans-bis(trimethylphosphine)Pd 
 
 SCF Energy = -1048.96848519 
 
 Pd                 0.00000000    0.00001300    0.00001000 
 P                 -2.31753900    0.00013600   -0.00015800 
 P                  2.31753800   -0.00012800    0.00015600 
 C                 -3.16622000    1.40612800   -0.86499200 
 H                 -4.25904200    1.31006400   -0.82960700 
 H                 -2.87522900    2.35107900   -0.39479600 
 H                 -2.84359600    1.43887100   -1.91064800 
 C                 -3.16577900    0.04558100    1.65007300 
 H                 -4.25882700    0.04873200    1.54991500 
 H                 -2.86316200   -0.82639000    2.23895500 
 H                 -2.85399600    0.94261000    2.19480700 
 C                 -3.16409200   -1.45295300   -0.78537400 
 H                 -4.25720100   -1.36285000   -0.74345100 
 H                 -2.85166600   -1.53411600   -1.83153200 
 H                 -2.86112100   -2.37169400   -0.27277400 
 C                  3.16619200   -1.40574500    0.86562500 
 H                  2.87351900   -2.35107800    0.39725300 
 H                  4.25905200   -1.31080300    0.82839200 
 H                  2.84519100   -1.43666600    1.91184100 
 C                  3.16418200    1.45327600    0.78469000 
 H                  4.25728500    1.36288400    0.74319600 
 H                  2.86161400    2.37175000    0.27137100 
 H                  2.85141600    1.53521200    1.83068400 
 C                  3.16571900   -0.04636600   -1.65008100 
 H                  2.86261300    0.82499500   -2.23961100 
 H                  4.25877200   -0.04887100   -1.54996500 
 H                  2.85438800   -0.94397400   -2.19412200 
  
 Zero-point correction=                           0.231089 (Hartree/Particle) 
 Thermal correction to Energy=                    0.247907 
 Thermal correction to Enthalpy=                  0.248851 
 Thermal correction to Gibbs Free Energy=         0.184151 
 Sum of electronic and zero-point Energies=          -1048.737396 
 Sum of electronic and thermal Energies=             -1048.720578 
 Sum of electronic and thermal Enthalpies=           -1048.719634 
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 Sum of electronic and thermal Free Energies=        -1048.784334 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: (trimethylphosphine)Pd 
 
 SCF Energy = -587.845221290 
 
 Pd                 1.33108100   -0.00001500    0.00018800 
 P                 -0.88218200   -0.00011900   -0.00057000 
 C                 -1.72391800    1.46024900   -0.77450800 
 H                 -1.41629300    1.54742200   -1.82122300 
 H                 -2.81720400    1.37081000   -0.72744400 
 H                 -1.41700400    2.37489100   -0.25767400 
 C                 -1.72519700   -0.05883300    1.65078400 
 H                 -2.81848900   -0.05647900    1.54870200 
 H                 -1.41752500   -0.96236900    2.18633600 
 H                 -1.41959200    0.80555900    2.24857800 
 C                 -1.72418000   -1.40119700   -0.87650200 
 H                 -2.81746300   -1.31473600   -0.82365200 
 H                 -1.41601400   -1.41368200   -1.92661400 
 H                 -1.41762600   -2.35026100   -0.42576400 
 
 Zero-point correction=                           0.115688 (Hartree/Particle) 
 Thermal correction to Energy=                    0.124063 
 Thermal correction to Enthalpy=                  0.125007 
 Thermal correction to Gibbs Free Energy=         0.082053 
 Sum of electronic and zero-point Energies=           -587.729533 
 Sum of electronic and thermal Energies=              -587.721159 
 Sum of electronic and thermal Enthalpies=            -587.720214 
 Sum of electronic and thermal Free_Energies=         -587.763169 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: trimethylphosphine 
 
 SCF Energy = -461.073473251 
 
 P                 -0.00062500   -0.00102700   -0.60495400 
 C                  1.25079700   -1.06582300    0.28016800 
 H                  1.11674700   -2.11313600   -0.01357000 
 H                  2.26264700   -0.76453100   -0.01410200 
 H                  1.16656800   -0.99320000    1.37226200 
 C                  0.29958100    1.61523700    0.27936200 
 H                  1.26948400    2.02624300   -0.02319400 
 H                 -0.47228700    2.33940300   -0.00521700 
 H                  0.29093500    1.50353700    1.37140400 
 C                 -1.54947800   -0.54807800    0.28070400 
 H                 -2.38839000    0.09027700   -0.01912400 
 H                 -1.79416000   -1.57656100   -0.00839600 
 H                 -1.44756500   -0.50463500    1.37284000 
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 Zero-point correction=                           0.113972 (Hartree/Particle) 
 Thermal correction to Energy=                    0.120641 
 Thermal correction to Enthalpy=                  0.121585 
 Thermal correction to Gibbs Free Energy=         0.084647 
 Sum of electronic and zero-point Energies=           -460.959502 
 Sum of electronic and thermal Energies=              -460.952832 
 Sum of electronic and thermal Enthalpies=            -460.951888 
 Sum of electronic and thermal Free Energies=         -460.988826 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 
Table 1: trans-bis(triphenylphosphine)Pd 
 
 SCF Energy = -2199.11225841 
 
 P                 -2.32620900   -0.00226100   -0.00103000 
 C                 -3.11722700    0.02258500    1.67097800 
 C                 -2.44573800    0.71596400    2.69796200 
 C                 -4.33746600   -0.61222500    1.96961100 
 C                 -2.99096000    0.79088100    3.98330500 
 H                 -1.48708600    1.17949000    2.48283200 
 C                 -4.87768000   -0.54383000    3.25991600 
 H                 -4.86077900   -1.16804500    1.19899400 
 C                 -4.20911600    0.16082100    4.26727400 
 H                 -2.46117900    1.32958900    4.76283900 
 H                 -5.81745800   -1.04274400    3.47650600 
 H                 -4.62872000    0.21104900    5.26728500 
 C                 -3.11608800   -1.46116000   -0.81944000 
 C                 -4.30990200   -1.39308700   -1.56209000 
 C                 -2.46905300   -2.70697900   -0.69210400 
 C                 -4.84747400   -2.54392600   -2.15216200 
 H                 -4.81498000   -0.44174000   -1.68987100 
 C                 -3.01251200   -3.85654700   -1.27325500 
 H                 -1.53011500   -2.76222400   -0.14878400 
 C                 -4.20374000   -3.77764100   -2.00551800 
 H                 -5.76625100   -2.47424500   -2.72661900 
 H                 -2.50149500   -4.80817000   -1.16458600 
 H                 -4.62142500   -4.66821600   -2.46487500 
 C                 -3.10509700    1.44099700   -0.85681800 
 C                 -2.42229400    1.98964900   -1.96102200 
 C                 -4.32622800    2.01944400   -0.46191000 
 C                 -2.95709400    3.07342000   -2.66437700 
 H                 -1.46297000    1.56977200   -2.24990000 
 C                 -4.85595000    3.11037900   -1.16199300 
 H                 -4.85871300    1.62638300    0.39736900 
 C                 -4.17602400    3.63641600   -2.26629100 
 H                 -2.41844000    3.48361400   -3.51296000 
 H                 -5.79635600    3.54908700   -0.84232900 
 H                 -4.58751500    4.48354200   -2.80635000 
 Pd                 0.00149500   -0.00863900    0.00378800 
 P                  2.33052700   -0.00392600    0.00140100 
 C                  3.11788600   -0.44529800    1.61555600 
 C                  3.11073800    1.61855400   -0.42196800 
 C                  3.11696200   -1.17752100   -1.19249900 
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 C                  2.44566600   -1.37710100    2.43201300 
 C                  4.33330200    0.09942400    2.07136600 
 C                  4.31274200    1.74672800   -1.14302000 
 C                  2.44723400    2.78809300    0.00076900 
 C                  2.44030900   -1.42085700   -2.40458100 
 C                  4.33602200   -1.83993300   -0.95442400 
 C                  2.98534500   -1.76999900    3.66050800 
 H                  1.49026900   -1.77542000    2.10235800 
 C                  4.86744400   -0.28809900    3.30662700 
 H                  4.85807300    0.83389700    1.46970100 
 C                  4.84223100    3.01254200   -1.42371700 
 H                  4.83036000    0.86084100   -1.49476700 
 C                  2.98236600    4.05068600   -0.27180700 
 H                  1.50226700    2.69738300    0.52868800 
 C                  2.97881200   -2.28609500   -3.36190900 
 H                  1.48236500   -0.93952500   -2.57988500 
 C                  4.86956000   -2.71307200   -1.91051300 
 H                  4.86375300   -1.68412100   -0.01961800 
 C                  4.19842700   -1.22604900    4.10090300 
 H                  2.45493300   -2.48935900    4.27669700 
 H                  5.80314200    0.14495500    3.64715200 
 C                  4.18193400    4.16583200   -0.98542500 
 H                  5.76750200    3.09558200   -1.98585200 
 H                  2.45875200    4.94126400    0.06168200 
 C                  4.19571100   -2.93443800   -3.11695100 
 H                  2.44444900   -2.46204000   -4.29035800 
 H                  5.80838100   -3.22062600   -1.71045700 
 H                  4.61374400   -1.52382800    5.05873100 
 H                  4.59344200    5.14603000   -1.20562700 
 H                  4.61023600   -3.61332600   -3.85579300 
 
 Zero-point correction=                           0.556616 (Hartree/Particle) 
 Thermal correction to Energy=                    0.591962 
 Thermal correction to Enthalpy=                  0.592907 
 Thermal correction to Gibbs Free Energy=         0.478672 
 Sum of electronic and zero-point Energies=          -2198.555643 
 Sum of electronic and thermal Energies=             -2198.520296 
 Sum of electronic and thermal Enthalpies=           -2198.519352 
 Sum of electronic and thermal Free Energies=        -2198.633586 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: (triphenylphosphine)Pd 
 
 SCF Energy = -1162.91587247 
 
 P                  0.00446300   -0.00277500    0.35603900 
 C                  1.55425900   -0.60738700   -0.45462600 
 C                  2.27912700   -1.63121400    0.18679800 
 C                  2.04158700   -0.09562500   -1.67233100 
 C                  3.44942600   -2.14244700   -0.38175900 
 H                  1.92444100   -2.00974600    1.14104000 
 C                  3.21959900   -0.60193700   -2.23565300 
 H                  1.50818900    0.70257100   -2.17678300 
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 C                  3.92367400   -1.62738400   -1.59479900 
 H                  3.99514800   -2.93184600    0.12568600 
 H                  3.58611700   -0.19290000   -3.17227000 
 H                  4.83788600   -2.01657300   -2.03208800 
 C                 -0.25861200    1.65490200   -0.42331900 
 C                 -1.03024300    1.85229200   -1.58417500 
 C                  0.34406200    2.77380600    0.18565600 
 C                 -1.18703900    3.13496300   -2.12455300 
 H                 -1.51600200    1.00916800   -2.06289400 
 C                  0.19474500    4.05170500   -0.36064400 
 H                  0.91618000    2.63393500    1.09828200 
 C                 -0.57324800    4.23586700   -1.51754800 
 H                 -1.79023300    3.27137100   -3.01699900 
 H                  0.66689100    4.90233000    0.12103100 
 H                 -0.69782300    5.22939300   -1.93687300 
 C                 -1.31347600   -1.04598100   -0.41757200 
 C                 -2.56391500   -1.11626300    0.22839500 
 C                 -1.12847800   -1.76874700   -1.61151900 
 C                 -3.60621100   -1.87434400   -0.31287500 
 H                 -2.70472900   -0.58397900    1.16469100 
 C                 -2.17074700   -2.53572100   -2.14716800 
 H                 -0.17069800   -1.74050900   -2.11926500 
 C                 -3.41136800   -2.58792600   -1.50230300 
 H                 -4.56342600   -1.91671700    0.19742500 
 H                 -2.01073200   -3.09241100   -3.06552300 
 H                 -4.21712000   -3.18475200   -1.91827200 
 Pd                 0.03456800   -0.00976300    2.58157000 
 
 Zero-point correction=                           0.278416 (Hartree/Particle) 
 Thermal correction to Energy=                    0.296052 
 Thermal correction to Enthalpy=                  0.296996 
 Thermal correction to Gibbs Free Energy=         0.228844 
 Sum of electronic and zero-point Energies=          -1162.637456 
 Sum of electronic and thermal Energies=             -1162.619821 
 Sum of electronic and thermal Enthalpies=           -1162.618877 
 Sum of electronic and thermal Free Energies=        -1162.687028 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: triphenylphosphine 
 
 SCF Energy = -1036.14598472 
 
 P                 -0.00169400    0.00055200   -1.21362300 
 C                  1.22076100   -1.13541600   -0.40977400 
 C                  2.47024500   -1.28471800   -1.04637300 
 C                  0.97429500   -1.87265700    0.76434600 
 C                  3.45034200   -2.12934800   -0.51569400 
 H                  2.67036900   -0.74089000   -1.96533800 
 C                  1.95166200   -2.72663800    1.28944100 
 H                  0.01613100   -1.78321800    1.26425400 
 C                  3.19245400   -2.85410800    0.65431100 
 H                  4.40701400   -2.22909600   -1.01909900 
 H                  1.74380700   -3.28980800    2.19425300 
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 H                  3.94878700   -3.51679600    1.06323100 
 C                 -1.59524100   -0.48912000   -0.40599800 
 C                 -2.09752800    0.07678900    0.78169000 
 C                 -2.35942500   -1.48243000   -1.05212800 
 C                 -3.32318100   -0.34541400    1.31048500 
 H                 -1.53288800    0.85123700    1.28926300 
 C                 -3.57858800   -1.91165000   -0.51815200 
 H                 -1.99814900   -1.91426900   -1.98124200 
 C                 -4.06433200   -1.34236600    0.66524900 
 H                 -3.69713800    0.10318000    2.22590100 
 H                 -4.15145200   -2.67926200   -1.02920100 
 H                 -5.01455800   -1.66778500    1.07707600 
 C                  0.37272900    1.62642900   -0.40889400 
 C                 -0.15187200    2.78076900   -1.02627800 
 C                  1.16444200    1.78475900    0.74489100 
 C                  0.08832900    4.05180900   -0.49502800 
 H                 -0.74455000    2.68067200   -1.93130600 
 C                  1.41393000    3.05842200    1.27023500 
 H                  1.59221100    0.91337300    1.22865100 
 C                  0.87358100    4.19386000    0.65554800 
 H                 -0.32680700    4.92805100   -0.98336200 
 H                  2.02870900    3.16221300    2.15924500 
 H                  1.06831000    5.18028500    1.06475500 
 
 Zero-point correction=                           0.277248 (Hartree/Particle) 
 Thermal correction to Energy=                    0.292873 
 Thermal correction to Enthalpy=                  0.293818 
 Thermal correction to Gibbs Free Energy=         0.231213 
 Sum of electronic and zero-point Energies=          -1035.868737 
 Sum of electronic and thermal Energies=             -1035.853111 
 Sum of electronic and thermal Enthalpies=           -1035.852167 
 Sum of electronic and thermal Free Energies=        -1035.914772 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 
Table 1: trans-bis(tri-tert-butylphosphine)Pd 
 
 SCF Energy = -1756.34808176 
 
 Pd                 0.00026800   -0.00480500    0.01345800 
 P                  2.36488600   -0.00060800    0.00249000 
 C                  3.05733000    1.80682900   -0.25831700 
 C                  3.05926300   -1.12339200   -1.43800700 
 C                  3.08054000   -0.67979400    1.68835600 
 C                  4.55055100    2.03626900    0.08149300 
 C                  2.18779700    2.77203600    0.59805300 
 C                  2.81946400    2.23348500   -1.73194800 
 C                  2.17780800   -0.87398900   -2.69534900 
 C                  2.84020900   -2.61513800   -1.06776400 
 C                  4.54744400   -0.92580600   -1.81563800 
 C                  4.57339100   -1.08996800    1.69471500 
 C                  2.21649400   -1.90421700    2.10632500 
 C                  2.85767200    0.38361200    2.79697000 
 H                  5.21774200    1.39068600   -0.49543400 
 H                  4.81336200    3.07716800   -0.15545200 
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 H                  4.76286300    1.88579100    1.14298800 
 H                  2.45312500    3.80721300    0.34099000 
 H                  1.12411500    2.61844100    0.38596800 
 H                  2.33918700    2.64929800    1.67075000 
 H                  3.02955100    3.30798800   -1.82090300 
 H                  3.47546800    1.71562600   -2.43494800 
 H                  1.77915000    2.06959900   -2.03112900 
 H                  2.45248300   -1.60469200   -3.46913300 
 H                  1.11795700   -1.00229000   -2.45027600 
 H                  2.30708900    0.12161300   -3.12052400 
 H                  1.80519500   -2.80265800   -0.76410900 
 H                  3.04585500   -3.22761800   -1.95617900 
 H                  3.50870000   -2.95925400   -0.27553200 
 H                  4.81267900   -1.64312000   -2.60541700 
 H                  4.74603000    0.07408800   -2.20985600 
 H                  5.22167400   -1.10104200   -0.97353700 
 H                  5.23678100   -0.26745200    1.41571500 
 H                  4.85090900   -1.40798000    2.70982600 
 H                  4.77516300   -1.93233900    1.02802400 
 H                  2.35968600   -2.77066100    1.46043000 
 H                  2.49520900   -2.20074000    3.12731600 
 H                  1.15254000   -1.64450100    2.09343800 
 H                  3.07282600   -0.07793200    3.77028000 
 H                  3.51757600    1.24791800    2.69538300 
 H                  1.81933300    0.73033500    2.81250100 
 P                 -2.36404500   -0.00088300    0.00213700 
 C                 -3.06730400   -1.80348200   -0.26492700 
 C                 -3.05368800    1.13022900   -1.43377400 
 C                 -3.07611700    0.67499400    1.69088600 
 C                 -4.55992700   -2.02547900    0.08165600 
 C                 -2.19820000   -2.77746500    0.58175400 
 C                 -2.83912200   -2.22385500   -1.74198000 
 C                 -2.17348800    0.88244400   -2.69241100 
 C                 -2.82778800    2.61952200   -1.05821700 
 C                 -4.54238100    0.94007900   -1.81338400 
 C                 -4.56637200    1.09474000    1.69932900 
 C                 -2.20442000    1.89132400    2.11696800 
 C                 -2.86186300   -0.39479300    2.79542900 
 H                 -5.22552700   -1.37342900   -0.48967200 
 H                 -4.83032500   -3.06386500   -0.15760900 
 H                 -4.76610900   -1.87707500    1.14460800 
 H                 -2.47149900   -3.80998700    0.32241500 
 H                 -1.13511600   -2.62942600    0.36295400 
 H                 -2.34175500   -2.65784000    1.65587500 
 H                 -3.05357100   -3.29721900   -1.83492200 
 H                 -3.49667800   -1.70082100   -2.43965500 
 H                 -1.79967400   -2.06275000   -2.04576100 
 H                 -2.44420400    1.61881300   -3.46220600 
 H                 -1.11284000    1.00348400   -2.44734900 
 H                 -2.30881100   -0.10999700   -3.12309600 
 H                 -1.79221300    2.79959400   -0.75209500 
 H                 -3.02758800    3.23578200   -1.94535200 
 H                 -3.49588500    2.96550000   -0.26650200 
 H                 -4.80422000    1.66195100   -2.60015000 
 H                 -4.74416400   -0.05713600   -2.21255100 
 H                 -5.21700900    1.11377600   -0.97122600 
 H                 -5.23513600    0.27718300    1.41854600 
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 H                 -4.84104500    1.41094800    2.71579000 
 H                 -4.76349700    1.94068600    1.03589100 
 H                 -2.34320800    2.76408300    1.47846100 
 H                 -2.48036900    2.18138900    3.14057800 
 H                 -1.14200600    1.62551500    2.10111800 
 H                 -3.07684100    0.06376100    3.77018100 
 H                 -3.52622900   -1.25498500    2.68852200 
 H                 -1.82543200   -0.74713100    2.81226800 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: (tri-tert-butylphosphine)Pd 
 
 SCF Energy = -941.534788821 
 
 Pd                 2.11200100    0.00407900    0.00191200 
 P                 -0.14449200    0.00059800   -0.00043700 
 C                 -0.83955800   -0.65120600    1.70633600 
 C                 -0.83473200   -1.15582100   -1.41671700 
 C                 -0.84369400    1.80244600   -0.29203500 
 C                 -2.33391400   -0.35806800    1.99031600 
 C                  0.02288400   -0.03460800    2.84421600 
 C                 -0.61243700   -2.18401800    1.79323800 
 C                  0.03250100   -2.44631600   -1.44786400 
 C                 -0.60728200   -0.46612900   -2.78793200 
 C                 -2.32714100   -1.55475200   -1.30690600 
 C                 -2.33690500    1.89795200   -0.69203800 
 C                  0.01955400    2.48232400   -1.39271200 
 C                 -0.62158100    2.64520900    0.99225800 
 H                 -2.99654300   -0.77177800    1.22589400 
 H                 -2.60904400   -0.81890200    2.94948700 
 H                 -2.53833600    0.71198900    2.07809600 
 H                 -0.26086100   -0.50693500    3.79501400 
 H                  1.08682600   -0.22210000    2.66307800 
 H                 -0.11642100    1.04103600    2.95451200 
 H                 -0.81503600   -2.50694800    2.82318400 
 H                 -1.27907200   -2.75039700    1.13918300 
 H                  0.42389400   -2.44647900    1.55704800 
 H                 -0.24634700   -3.03472900   -2.33307300 
 H                  1.09581700   -2.19203500   -1.51596600 
 H                 -0.10707300   -3.07992000   -0.57195000 
 H                  0.42877400   -0.12886900   -2.89576700 
 H                 -0.80748900   -1.19724400   -3.58263100 
 H                 -1.27487100    0.38255100   -2.95227900 
 H                 -2.59598300   -2.16194200   -2.18271700 
 H                 -2.53079800   -2.16139800   -0.42105700 
 H                 -2.99467800   -0.68946400   -1.29103300 
 H                 -2.99993700    1.43676000    0.04418200 
 H                 -2.61570000    2.95833900   -0.76776200 
 H                 -2.53654600    1.44340400   -1.66590700 
 H                 -0.10976400    2.03465000   -2.37845700 
 H                 -0.27326900    3.53908400   -1.46500900 
 H                  1.08243500    2.42993400   -1.13298700 
 H                 -0.82671500    3.69806500    0.75661000 
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 H                 -1.28861800    2.36000100    1.80880000 
 H                  0.41452900    2.57463800    1.33916200 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
 Pd    = LANL2DZ 
 
Table 1: tri-tert-butylphosphine 
 
 SCF Energy = -814.762445396 
 
 P                 -0.00073300   -0.00035500   -0.71564800 
 C                  0.85216100    1.60618500   -0.00195700 
 C                  0.96613400   -1.54077800   -0.00208400 
 C                 -1.81836000   -0.06556600   -0.00191100 
 C                  0.59604300    1.95831500    1.48343000 
 C                  0.38347100    2.78965600   -0.89940700 
 C                  2.38714700    1.51079400   -0.21923600 
 C                  2.22357000   -1.72632800   -0.90184800 
 C                  0.11686500   -2.82345500   -0.21589000 
 C                  1.40313700   -1.49184300    1.48199200 
 C                 -1.99566200   -0.46384000    1.48353800 
 C                 -2.60938600   -1.06367700   -0.89847100 
 C                 -2.50400900    1.31094300   -0.21993700 
 H                  0.92933900    1.16568200    2.15881600 
 H                  1.15322800    2.87096500    1.74270600 
 H                 -0.45938500    2.15654400    1.68733000 
 H                  0.95138600    3.69094900   -0.62874200 
 H                  0.57135200    2.57674900   -1.95742900 
 H                 -0.67522200    3.02296500   -0.78462900 
 H                  2.83215400    2.49300400   -0.00773300 
 H                  2.86543400    0.78872800    0.44603900 
 H                  2.63503300    1.25236500   -1.25430700 
 H                  2.71722100   -2.67197300   -0.63686400 
 H                  1.94389800   -1.77588500   -1.95982700 
 H                  2.95792200   -0.92934900   -0.78342600 
 H                 -0.23103000   -2.91152400   -1.25070400 
 H                  0.74538400   -3.69920900   -0.00269500 
 H                 -0.74745700   -2.87560700    0.44961400 
 H                  1.91473200   -2.43048300    1.74237200 
 H                  2.10426900   -0.67715700    1.68091300 
 H                  0.55268700   -1.38127500    2.16036200 
 H                 -1.47720300    0.22137500    2.15980700 
 H                 -3.06484100   -0.43833100    1.74217200 
 H                 -1.63907700   -1.47692900    1.68750600 
 H                 -2.27785400   -2.09624600   -0.78797100 
 H                 -3.67266800   -1.02689700   -0.62233100 
 H                 -2.52517300   -0.79128500   -1.95615100 
 H                 -3.57749500    1.20419600   -0.01097900 
 H                 -2.12015200    2.08652500    0.44633600 
 H                 -2.40215700    1.65498300   -1.25477400 
 
 C, H  = 6-31G 
 P     = 6-31G(d) 
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Table 3: SPhos2Pd, two 1η  interactions 
 
 SCF Energy = -3133.49378539 
 
 H                 -0.08668600   -5.13308200   -1.66229700 
 H                 -0.82599700   -4.91806900    0.68611800 
 H                 -0.66343600    1.66211400    4.85274100 
 C                 -0.82250300   -4.38037500   -1.39738400 
 C                 -1.23852200   -4.26252200   -0.06943700 
 H                 -1.86541800    2.55836700    5.78431700 
 H                 -0.90620200    3.95162900    3.91582400 
 C                 -1.66717600    2.11096600    4.80091800 
 H                 -0.46403800    2.15489300    2.22151700 
 H                 -1.01276600   -3.66247800   -3.41598300 
 H                 -1.50455700   -0.09333700    3.04974800 
 H                 -2.63898700    0.21308400    5.25146000 
 C                 -1.67882700    3.19752700    3.70809100 
 C                 -1.34358000   -3.54957900   -2.39202500 
 C                 -2.19815200   -3.29418500    0.25859100 
 C                 -1.46691400    2.59874300    2.30012500 
 C                 -2.69753900    1.00720100    4.49460700 
 H                 -1.51430100    3.39742400    1.54927300 
 C                 -2.48194700    0.40828800    3.09018600 
 H                 -2.64403800    3.72704600    3.73568800 
 C                 -2.30401400   -2.58900500   -2.04306700 
 C                 -2.74442400   -2.43906600   -0.71686900 
 H                 -3.71225900    1.42973600    4.56076300 
 C                 -2.51595100    1.50362100    1.99293000 
 H                 -3.23614800   -0.36011100    2.88465300 
 P                 -2.24306800    0.72068600    0.29479100 
 H                 -1.56922400    2.74853800   -0.76568000 
 H                 -1.54476100    1.00491900   -2.51162000 
 H                 -1.50317300    3.33144900   -3.32879600 
 H                 -3.50789500    1.97726100    2.01968100 
 C                 -2.48500400    2.15895700   -0.92534800 
 C                 -3.91505800   -1.56958000   -0.37421400 
 C                 -2.44060400    1.62367400   -2.38031100 
 C                 -3.84451200   -0.24395400    0.12122200 
 C                 -2.44523900    2.77045200   -3.41396200 
 H                 -2.47374600    2.35290600   -4.43044300 
 H                 -2.76276300    4.88077900   -1.57547800 
 H                 -5.20327600   -3.20301900   -0.91000600 
 H                 -3.30300600    0.96640600   -2.55410000 
 H                 -3.72880900    3.50557100    0.27810300 
 C                 -5.17345100   -2.18944000   -0.52317400 
 C                 -3.69664800    3.10213000   -0.74244200 
 C                 -3.65712500    4.26549600   -1.75877900 
 C                 -5.06155400    0.37640100    0.49108400 
 C                 -3.62719700    3.73660900   -3.20520400 
 H                 -3.56903600    4.57140500   -3.91695600 
 H                 -5.04971400    1.37477900    0.90770700 
 H                 -4.62657100    2.54162200   -0.89898800 
 C                 -6.35855400   -1.54551500   -0.17595700 
 H                 -4.52685600    4.91989500   -1.60956600 
 H                 -4.57016000    3.20826600   -3.41316200 
 C                 -6.29922800   -0.25248900    0.34887800 
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 H                 -7.31166800   -2.05014200   -0.30057500 
 H                 -7.20598200    0.26547400    0.64665800 
 Pd                -0.00042900   -0.00137500    0.12056500 
 P                  2.24251900   -0.72219500    0.29443500 
 C                  2.51159500   -1.51667100    1.98789500 
 C                  2.48874100   -2.15269000   -0.93419000 
 C                  3.84371300    0.24473100    0.13091100 
 C                  1.46505200   -2.61737100    2.28331200 
 C                  2.46969700   -0.42904800    3.09254200 
 H                  3.50486900   -1.98740300    2.01512800 
 H                  1.57487900   -2.74616100   -0.77780600 
 C                  2.44278400   -1.60938100   -2.38610900 
 C                  3.70347500   -3.09271600   -0.75612800 
 C                  3.91506600    1.57240600   -0.35900700 
 C                  5.06004100   -0.37632000    0.50201600 
 H                  0.46086500   -2.17666700    2.20334600 
 C                  1.67338100   -3.22481000    3.68809900 
 H                  1.51852700   -3.41082500    1.52733600 
 H                  1.49074300    0.06947700    3.05145500 
 C                  2.68171000   -1.03664800    4.49372600 
 H                  3.22208100    0.34328100    2.89525800 
 H                  1.54443200   -0.99352100   -2.51417400 
 C                  2.45243600   -2.75018600   -3.42631400 
 H                  3.30254000   -0.94756600   -2.55568900 
 H                  3.73616400   -3.50207000    0.26205700 
 C                  3.66872600   -4.25031700   -1.77915500 
 H                  4.63158800   -2.52803000   -0.90843400 
 C                  2.74511700    2.44319700   -0.70064900 
 C                  5.17354200    2.19354500   -0.50167700 
 H                  5.04765900   -1.37657900    0.91404100 
 C                  6.29775300    0.25391300    0.36629400 
 H                  0.90246100   -3.98288600    3.88756800 
 C                  1.65376100   -2.14578700    4.78831700 
 H                  2.64022800   -3.75132600    3.71605700 
 H                  2.61754500   -0.24787000    5.25569400 
 H                  3.69756100   -1.45627800    4.56113400 
 H                  1.51248400   -3.31530800   -3.34491300 
 H                  2.47984100   -2.32672300   -4.44038100 
 C                  3.63784700   -3.71314500   -3.22248500 
 H                  2.77640300   -4.86978500   -1.60002000 
 H                  4.54067700   -4.90247600   -1.63314200 
 C                  2.19620300    3.29332900    0.27770800 
 C                  2.30877700    2.60042000   -2.02732600 
 H                  5.20389900    3.20870900   -0.88428000 
 C                  6.35795200    1.54901800   -0.15324500 
 H                  7.20389200   -0.26471900    0.66478000 
 H                  0.64837500   -1.70052100    4.83915800 
 H                  1.84946000   -2.59938100    5.76939000 
 H                  3.58323600   -4.54394300   -3.93917500 
 H                  4.57899100   -3.18010300   -3.42665300 
 C                  1.23808700    4.26392800   -0.04804500 
 C                  1.34967800    3.56314400   -2.37402100 
 H                  7.31114200    2.05470600   -0.27287300 
 H                  0.82377800    4.91580200    0.70970700 
 C                  0.82613900    4.38902700   -1.37659300 
 H                  0.09160000    5.14358100   -1.63976200 
 O                 -2.70228100   -3.12385700    1.54511600 
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 O                 -2.91133700   -1.74660200   -2.97154700 
 O                  2.69693700    3.11634300    1.56464900 
 C                  2.29722300    4.04147500    2.60845800 
 H                  1.22393300    3.97215000    2.81355900 
 H                  2.85898500    3.73291600    3.48938100 
 H                  2.55727600    5.07369600    2.34444100 
 C                 -2.51019100   -1.83416500   -4.36259800 
 H                 -3.10399200   -1.07924800   -4.87669200 
 H                 -1.44360200   -1.61279400   -4.48362200 
 H                 -2.73003400   -2.82435600   -4.77945900 
 C                 -2.30433500   -4.05369100    2.58541700 
 H                 -1.23164000   -3.98424800    2.79364700 
 H                 -2.86871100   -3.75006900    3.46638600 
 H                 -2.56256900   -5.08489300    2.31569600 
 O                  2.91885300    1.76313500   -2.95863100 
 C                  2.52145800    1.85815000   -4.35028700 
 H                  3.11675500    1.10611700   -4.86687100 
 H                  1.45523200    1.63728200   -4.47533200 
 H                  2.74224100    2.85060900   -4.76120200 
 H                  1.02204200    3.68165900   -3.39836500 
 
 Zero-point correction=                           1.130394 (Hartree/Particle) 
 Thermal correction to Energy=                    1.190736 
 Thermal correction to Enthalpy=                  1.191680 
 Thermal correction to Gibbs Free Energy=         1.030757 
 Sum of electronic and zero-point Energies=          -3132.363392 
 Sum of electronic and thermal Energies=             -3132.303049 
 Sum of electronic and thermal Enthalpies=           -3132.302105 
 Sum of electronic and thermal Free Energies=        -3132.463029 
 
 C, H, O = 6-31G 
 P       = 6-31G(d) 
 Pd      = LANL2DZ 
 
Table 3: SPhos2Pd, one 1η  interaction 
 
 SCF Energy = -3133.49789454 
 
 H                 -0.25959600   -4.79116800   -0.98138900 
 H                  0.03297500   -3.13692500   -2.78848400 
 H                  1.33008600    4.51445700   -2.63695100 
 C                  0.61831800   -4.15300000   -0.98701900 
 C                  0.78241500   -3.22114300   -2.01292300 
 H                  2.60600400    5.69639000   -2.93690600 
 H                  1.98410700    5.58385000   -0.49301200 
 C                  2.39411300    4.73139800   -2.45705600 
 H                  1.35245900    3.17819300   -0.32569800 
 H                  1.41649700   -5.00397300    0.82084500 
 H                  1.98346100    1.93415800   -2.55257700 
 H                  3.02686200    3.52829600   -4.16151700 
 C                  2.63997500    4.82354900   -0.93893800 
 C                  1.56301400   -4.27514500    0.03445000 
 C                  1.91996000   -2.40043600   -2.01439800 
 C                  2.40977500    3.46615600   -0.24103100 
 C                  3.25073800    3.61790400   -3.08966300 
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 H                  2.62453500    3.56596800    0.83073700 
 C                  3.02161300    2.26028500   -2.39421900 
 H                  3.67420000    5.15640900   -0.75893500 
 C                  2.69484200   -3.44746000    0.01426500 
 C                  2.89332300   -2.49403700   -1.00094200 
 H                  4.31464900    3.89158600   -3.01372400 
 C                  3.27929100    2.34715200   -0.86781200 
 H                  3.66348100    1.49367900   -2.84376100 
 P                  2.94550400    0.67391200   -0.05313300 
 H                  2.73539200    1.67082100    2.10353800 
 H                  2.24886500   -0.73082000    2.39156400 
 H                  2.73650000    0.55174500    4.45728500 
 H                  4.33228600    2.62644200   -0.71707400 
 C                  3.47963700    0.94094200    1.74718400 
 C                  4.17715800   -1.72976800   -1.09834500 
 C                  3.26824900   -0.36121300    2.56138200 
 C                  4.33636500   -0.36156000   -0.76095700 
 C                  3.50782100   -0.13103300    4.06802900 
 H                  3.39187300   -1.07825900    4.61269000 
 H                  4.41094900    2.53466000    3.88006400 
 H                  5.14061100   -3.50032400   -1.84038000 
 H                  3.95130600   -1.13877900    2.19318700 
 H                  5.02833000    2.46574300    1.47187800 
 C                  5.28133700   -2.45330100   -1.59265800 
 C                  4.88616200    1.52306700    2.01644300 
 C                  5.11202300    1.76302200    3.52618400 
 C                  5.60928400    0.21894500   -0.96197900 
 C                  4.89953900    0.47211100    4.34029500 
 H                  5.02662600    0.67349800    5.41264500 
 H                  5.76576100    1.26368200   -0.72499000 
 H                  5.64816100    0.82250000    1.65055500 
 C                  6.52856800   -1.85895100   -1.77455900 
 H                  6.12416900    2.15630300    3.69284900 
 H                  5.67229500   -0.26058200    4.06139900 
 C                  6.69188500   -0.50748600   -1.46101500 
 H                  7.35921200   -2.44135000   -2.16123600 
 H                  7.65201400   -0.01995300   -1.60117300 
 Pd                 0.62844500    0.21882800   -0.05530700 
 P                 -1.69041600    0.41082500    0.26217700 
 C                 -2.67109900    0.40779600   -1.34323800 
 C                 -2.46949100   -0.92525200    1.34233600 
 C                 -2.19528400    2.05709100    1.07630000 
 C                 -4.04603100    0.14215700   -1.59560300 
 C                 -1.86545600    0.77870900   -2.44618200 
 C                 -2.12960800   -2.31069500    0.73369400 
 C                 -1.98215800   -0.85519200    2.81178100 
 H                 -3.55747700   -0.79082600    1.34382600 
 C                 -1.15350500    2.46567900    2.15397800 
 C                 -2.32615300    3.19282900    0.02833000 
 H                 -3.17777800    1.91325800    1.55015500 
 C                 -5.06482200   -0.30319400   -0.58623500 
 C                 -4.53823000    0.26694300   -2.91159400 
 H                 -0.80991900    0.96065600   -2.25858600 
 C                 -2.37293000    0.91129200   -3.73985000 
 C                 -2.68552300   -3.47120900    1.58372800 
 H                 -1.03695800   -2.40161200    0.66452100 
 H                 -2.52046200   -2.37937900   -0.28685000 
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 C                 -2.53215100   -2.02558800    3.65608800 
 H                 -0.88234200   -0.87269900    2.83014100 
 H                 -2.29769700    0.08775800    3.27196300 
 C                 -1.48934500    3.82198400    2.80833700 
 H                 -0.16854600    2.51861000    1.66976100 
 H                 -1.06593000    1.69924400    2.92972000 
 C                 -2.64018000    4.55651700    0.68000900 
 H                 -1.38174100    3.27287500   -0.53067700 
 H                 -3.10949900    2.94491600   -0.69208600 
 C                 -5.77044200    0.61101200    0.21942700 
 C                 -5.45704100   -1.65736600   -0.52389700 
 H                 -5.58712300    0.05064800   -3.08842100 
 C                 -3.72496600    0.65308200   -3.97602700 
 H                 -1.71668900    1.20981400   -4.55209600 
 C                 -2.18851800   -3.39322600    3.03870200 
 H                 -2.39404200   -4.43085100    1.13356300 
 H                 -3.78620900   -3.43686800    1.57776600 
 H                 -2.13641000   -1.95737600    4.67867800 
 H                 -3.62630300   -1.93094500    3.73430300 
 C                 -1.60963000    4.93921600    1.75735000 
 H                 -0.71713900    4.07415700    3.54793500 
 H                 -2.43857200    3.73976000    3.36136400 
 H                 -2.68755800    5.33156200   -0.09746400 
 H                 -3.63774400    4.51442900    1.14383600 
 C                 -6.77171600    0.19022600    1.10866400 
 C                 -6.45708700   -2.09666200    0.35612700 
 H                 -4.14192800    0.74416400   -4.97437200 
 H                 -2.62429400   -4.20299000    3.63988000 
 H                 -1.09711200   -3.53526400    3.05535300 
 H                 -1.88732600    5.88942900    2.23356800 
 H                 -0.62894800    5.09640600    1.28317100 
 H                 -7.29419500    0.90053100    1.73575200 
 C                 -7.09971800   -1.16450200    1.17301600 
 H                 -6.73628700   -3.14081900    0.40677900 
 H                 -7.87097200   -1.49651800    1.86048100 
 O                  2.19123000   -1.47528800   -3.01521300 
 O                  3.70221400   -3.51280400    0.97837000 
 O                 -5.41839000    1.94948800    0.06398000 
 O                 -4.78630900   -2.51404000   -1.39290400 
 C                  1.20318500   -1.26757800   -4.05893400 
 H                  1.06111200   -2.17632900   -4.65644200 
 H                  0.24621300   -0.94594300   -3.63605600 
 H                  1.61735100   -0.47848300   -4.68557700 
 C                  3.57225500   -4.46871900    2.06113900 
 H                  4.46394500   -4.32848100    2.67124800 
 H                  2.67735700   -4.27131800    2.66280600 
 H                  3.54078000   -5.49776100    1.68345100 
 C                 -5.18045800   -3.91061100   -1.45235800 
 H                 -6.23598900   -4.01332000   -1.72991800 
 H                 -4.55136600   -4.34665900   -2.22735500 
 H                 -4.99685700   -4.41820900   -0.49887200 
 C                 -6.22862700    2.96571600    0.71442300 
 H                 -6.13654300    2.91299300    1.80526400 
 H                 -5.82946200    3.91435400    0.35971200 
 H                 -7.28222000    2.87216400    0.42759400 
 
 Zero-point correction=                           1.130521 (Hartree/Particle) 
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 Thermal correction to Energy=                    1.190701 
 Thermal correction to Enthalpy=                  1.191645 
 Thermal correction to Gibbs Free Energy=         1.028775 
 Sum of electronic and zero-point Energies=          -3132.367374 
 Sum of electronic and thermal Energies=             -3132.307194 
 Sum of electronic and thermal Enthalpies=           -3132.306249 
 Sum of electronic and thermal Free Energies=        -3132.469119 
 
 C, H, O = 6-31G 
 P       = 6-31G(d) 
 Pd      = LANL2DZ 
 
Table 3: SPhos2Pd, no 1η  interactions 
 
 SCF Energy = -3133.49640933 
 
 H                  8.29943000   -2.33506200   -1.49628000 
 H                  7.97625600    0.10807900   -1.65177300 
 C                  7.55895800   -1.84977500   -0.86863100 
 C                  7.37470000   -0.46974600   -0.96258300 
 H                  6.97768000   -3.67941300    0.10197600 
 C                  6.81066100   -2.61275400    0.03005700 
 C                  6.41229300    0.14977900   -0.14954300 
 C                  5.85084100   -1.97614300    0.83035000 
 C                  5.60400900   -0.58962600    0.73448600 
 P                  2.33931400    0.34166800   -0.26527900 
 C                  4.62262100    0.06288100    1.66576200 
 C                  3.27878400    0.41650400    1.35734000 
 H                  6.13126400    0.00542000    3.19251400 
 C                  5.10690200    0.28771800    2.97040400 
 C                  2.48956900    0.95977300    2.39785000 
 H                  1.45290700    1.19708900    2.17366200 
 C                  4.31311600    0.84834600    3.97073200 
 C                  2.98886700    1.18322700    3.68195000 
 H                  4.72287200    1.00976300    4.96321200 
 H                  2.34531800    1.60702900    4.44685600 
 C                  2.96233300   -1.20174900   -1.15032400 
 C                  2.44605000   -2.44959800   -0.38478800 
 C                  2.51172400   -1.25735300   -2.63237500 
 H                  4.05840300   -1.20277200   -1.13331000 
 C                  2.86742300   -3.76513000   -1.06991900 
 H                  1.34840000   -2.39548600   -0.33859700 
 H                  2.81199700   -2.43404400    0.64715900 
 C                  2.92814200   -2.58188300   -3.30875200 
 H                  1.41861400   -1.14565300   -2.68493700 
 H                  2.94855400   -0.42294900   -3.19291800 
 C                  2.40816600   -3.80950900   -2.53898300 
 H                  2.45388600   -4.61926100   -0.51564700 
 H                  3.96391600   -3.86136800   -1.03329000 
 H                  2.56008100   -2.59622600   -4.34372800 
 H                  4.02681800   -2.62966400   -3.36361900 
 H                  2.75085300   -4.73490700   -3.02187100 
 H                  1.30829900   -3.82054700   -2.57395900 
 C                  3.02306300    1.81640600   -1.25191200 
 C                  2.03578600    2.19937000   -2.38876900 
 97
 C                  3.25231400    3.04652000   -0.33530600 
 H                  3.99104400    1.52518100   -1.68625500 
 C                  2.51448700    3.42974500   -3.18737400 
 H                  1.05816400    2.41262200   -1.93195200 
 H                  1.87517600    1.35903900   -3.07117900 
 C                  3.71211700    4.28685000   -1.13055000 
 H                  2.31146400    3.28265000    0.18471400 
 H                  3.99540600    2.80798600    0.42940800 
 C                  2.73845800    4.64360700   -2.26807600 
 H                  1.77936200    3.67087300   -3.96727700 
 H                  3.45582400    3.18822500   -3.70608800 
 H                  3.82943400    5.13843200   -0.44619000 
 H                  4.70547700    4.09034800   -1.56270100 
 H                  3.11790900    5.49868100   -2.84406000 
 H                  1.77414100    4.95341500   -1.83753100 
 Pd                -0.00000600    0.38747200    0.00002900 
 P                 -2.33930800    0.34166900    0.26532700 
 C                 -3.27877100    0.41650000   -1.35730500 
 C                 -2.96229200   -1.20179100    1.15034500 
 C                 -3.02308200    1.81638200    1.25197500 
 C                 -4.62262400    0.06293400   -1.66574100 
 C                 -2.48956000    0.95983300   -2.39777900 
 C                 -2.44589000   -2.44959700    0.38482200 
 C                 -2.51178500   -1.25738200    2.63241900 
 H                 -4.05835900   -1.20287500    1.13324900 
 C                 -2.03583200    2.19931900    2.38886200 
 C                 -3.25230000    3.04650800    0.33536700 
 H                 -3.99107700    1.52517100    1.68629500 
 C                 -5.60403200   -0.58964800   -0.73453300 
 C                 -5.10692000    0.28791800   -2.97034800 
 H                 -1.45289300    1.19712500   -2.17358100 
 C                 -2.98886400    1.18339800   -3.68186100 
 C                 -2.86723700   -3.76516000    1.06990700 
 H                 -1.34824100   -2.39542700    0.33870100 
 H                 -2.81177800   -2.43403700   -0.64714500 
 C                 -2.92817400   -2.58194600    3.30875400 
 H                 -1.41868500   -1.14562500    2.68507200 
 H                 -2.94870300   -0.42300900    3.19294100 
 C                 -2.51449700    3.42972400    3.18744700 
 H                 -1.05818700    2.41252900    1.93207800 
 H                 -1.87528200    1.35898800    3.07128400 
 C                 -3.71202500    4.28688100    1.13059800 
 H                 -2.31145700    3.28259300   -0.18468300 
 H                 -3.99542600    2.80799700   -0.42932400 
 C                 -6.41243700    0.14969000    0.14943800 
 C                 -5.85079700   -1.97617500   -0.83047200 
 H                 -6.13130000    0.00568900   -3.19246800 
 C                 -4.31312900    0.84860100   -3.97064700 
 H                 -2.34530300    1.60723500   -4.44673800 
 C                 -2.40807400   -3.80953100    2.53900300 
 H                 -2.45362100   -4.61926800    0.51565800 
 H                 -3.96372300   -3.86145900    1.03321100 
 H                 -2.56018300   -2.59628200    4.34375500 
 H                 -4.02685100   -2.62979300    3.36354300 
 C                 -2.73836500    4.64359000    2.26813500 
 H                 -1.77938700    3.67081100    3.96737800 
 H                 -3.45586700    3.18825900    3.70612600 
 98
 H                 -3.82928100    5.13845700    0.44622100 
 H                 -4.70540100    4.09045100    1.56274000 
 C                 -7.37489800   -0.46990000    0.96236300 
 C                 -6.81065000   -2.61285700   -0.03027700 
 H                 -4.72290900    1.01013100   -4.96309800 
 H                 -2.75074500   -4.73495300    3.02185400 
 H                 -1.30821000   -3.82051100    2.57405100 
 H                 -3.11777100    5.49869600    2.84410000 
 H                 -1.77401700    4.95333100    1.83760700 
 H                 -7.97659400    0.10787500    1.65147300 
 C                 -7.55906700   -1.84993800    0.86836300 
 H                 -6.97762800   -3.67952000   -0.10224400 
 H                 -8.29958200   -2.33528100    1.49591800 
 O                 -5.08004900   -2.65494000   -1.76990000 
 O                 -6.20329700    1.52692200    0.15095300 
 O                  5.08018800   -2.65497700    1.76981200 
 O                  6.20301900    1.52698400   -0.15107700 
 C                 -5.32885500   -4.06652600   -2.00355400 
 H                 -4.65241800   -4.33966800   -2.81239900 
 H                 -5.10082800   -4.66479400   -1.11445500 
 H                 -6.36655700   -4.24000100   -2.31157900 
 C                 -7.12826100    2.37376500    0.88507100 
 H                 -7.04908900    2.21039200    1.96597100 
 H                 -6.82763400    3.39266600    0.64704100 
 H                 -8.16095800    2.20255700    0.56041200 
 C                  7.12805100    2.37394200   -0.88497100 
 H                  7.04899000    2.21073900   -1.96590400 
 H                  6.82738500    3.39280100   -0.64681100 
 H                  8.16071700    2.20268700   -0.56023200 
 C                  5.32909000   -4.06655000    2.00344100 
 H                  4.65274500   -4.33972800    2.81235000 
 H                  5.10101100   -4.66482800    1.11436200 
 H                  6.36683000   -4.23997300    2.31136700 
 
 Zero-point correction=                           1.130866 (Hartree/Particle) 
 Thermal correction to Energy=                    1.190942 
 Thermal correction to Enthalpy=                  1.191887 
 Thermal correction to Gibbs Free Energy=         1.030561 
 Sum of electronic and zero-point Energies=          -3132.365543 
 Sum of electronic and thermal Energies=             -3132.305467 
 Sum of electronic and thermal Enthalpies=           -3132.304523 
 Sum of electronic and thermal Free Energies=        -3132.465848 
 
 C, H, O = 6-31G 
 P       = 6-31G(d) 
 Pd      = LANL2DZ 
 
Table 3: (SPhos)Pd 
 
 SCF Energy = -1630.11508208 
 
 H                 -3.94727800   -2.31033700   -2.46054500 
 H                  0.26492400   -3.92756400   -0.49449200 
 H                 -2.11268000   -3.61906600   -1.42506100 
 H                  4.95742900   -2.30271300   -0.97964400 
 99
 H                 -1.10221400   -4.85705000    0.21285100 
 C                 -3.42161300   -1.90368500   -1.60219200 
 C                 -2.33704800   -2.62518400   -1.05907800 
 C                 -0.31641600   -4.11971200    0.41539700 
 H                  6.31440400   -1.72533600   -0.01086400 
 H                  5.62729800   -0.04120500   -1.76027700 
 H                  0.33664500   -4.48965300    1.20510300 
 C                  5.25323600   -1.55044100   -0.23253300 
 H                  3.18868300   -0.51108800   -1.87666200 
 H                 -4.70114200   -0.18723700   -1.45715600 
 H                  2.51443800   -2.17381600    0.05488900 
 Pd                -0.26709700   -1.22585400   -1.51288500 
 H                  4.51149300   -2.76060500    1.42254000 
 C                  5.05744900   -0.14324500   -0.82706000 
 C                 -3.85328800   -0.70912300   -1.03394000 
 C                 -1.68143300   -2.10754700    0.09318500 
 O                 -0.87333600   -2.88206700    0.93350800 
 C                  3.56805300    0.16229700   -1.09401500 
 C                  4.40192800   -1.73759700    1.03815800 
 H                  3.47092500    1.18414900   -1.48186200 
 C                  2.91234400   -1.43945100    0.77058100 
 H                  5.46245700    0.60468300   -0.12800500 
 H                 -4.43720600    2.07813400   -0.93782900 
 C                 -3.15028200   -0.17545000    0.06790400 
 C                 -2.04944200   -0.83450000    0.62796400 
 H                  4.77343700   -1.06469600    1.82647300 
 C                  2.70652600   -0.02039300    0.18258500 
 H                  2.33161500   -1.55433700    1.69317500 
 P                  0.88641800    0.27341800   -0.20313600 
 H                  1.40826700    2.07962900   -1.68236000 
 H                 -5.52922400    1.25000900    0.21567600 
 H                 -1.03965700    1.76315700   -1.81107000 
 C                 -4.59211400    1.80995700    0.11370500 
 O                 -3.46759500    1.05945800    0.64013000 
 H                 -0.15122900    3.91605800   -2.67408200 
 H                  3.05093400    0.71346200    0.92615700 
 C                  0.82941800    2.08672400   -0.74451800 
 H                 -4.63702500    2.71362500    0.72079900 
 C                 -1.22664400   -0.22294100    1.71640200 
 C                 -0.62249400    2.49246800   -1.10483500 
 C                  0.08653600    0.28736600    1.49342300 
 C                 -0.67895700    3.91152100   -1.70769200 
 H                 -1.72185500    4.18479800   -1.91854600 
 H                  2.03367900    4.58179100   -1.31321800 
 H                 -2.78330500   -0.54281000    3.15752900 
 H                 -1.24901100    2.45104300   -0.20299400 
 H                  2.50774700    2.87382800    0.42483100 
 C                 -1.78081100   -0.15735200    3.00705700 
 C                  1.46407600    3.13222200    0.20248800 
 C                  1.40768000    4.55090600   -0.40810200 
 C                  0.78264100    0.81942700    2.59961800 
 C                 -0.03370300    4.95330100   -0.77352000 
 H                 -0.04326100    5.94594200   -1.24328500 
 H                  1.78557200    1.20780700    2.46681900 
 H                  0.92277300    3.13315400    1.15783400 
 C                 -1.07281600    0.38085200    4.08212700 
 H                  1.83849500    5.27457800    0.29703700 
 100
 H                 -0.63109100    5.03248300    0.14753500 
 C                  0.22016300    0.86788600    3.87806600 
 H                 -1.52457300    0.41375100    5.06868300 
 H                  0.78924700    1.28449300    4.70361100 
 
 Zero-point correction=                           0.563989 (Hartree/Particle) 
 Thermal correction to Energy=                    0.594191 
 Thermal correction to Enthalpy=                  0.595135 
 Thermal correction to Gibbs Free Energy=         0.502381 
 Sum of electronic and zero-point Energies=          -1629.551093 
 Sum of electronic and thermal Energies=             -1629.520891 
 Sum of electronic and thermal Enthalpies=           -1629.519947 
 Sum of electronic and thermal Free Energies=        -1629.612701 
 
 C, H, O = 6-31G 
 P       = 6-31G(d) 
 Pd      = LANL2DZ 
 
Table 3: SPhos 
 
 SCF Energy = -1503.34444381 
 
 H                 -4.11447000   -2.46958300   -2.95556500 
 H                  0.18853000   -4.01589600   -1.85538200 
 H                 -2.12178100   -3.73763900   -2.23411300 
 H                  5.04924600   -2.13023300   -1.49749500 
 H                 -0.82410200   -5.02559600   -0.77439800 
 C                 -3.53155000   -2.11828600   -2.11009300 
 C                 -2.40442400   -2.83655000   -1.70605500 
 C                 -0.07092300   -4.22957900   -0.81226100 
 H                  6.36179600   -1.58537100   -0.45211200 
 H                  5.59140700    0.23813000   -2.01866100 
 H                  0.81966300   -4.53984700   -0.26717400 
 C                  5.29390700   -1.44817600   -0.66860100 
 H                  3.18375100   -0.35175900   -2.21377000 
 H                 -4.79871700   -0.41454400   -1.76969200 
 H                  2.59473600   -2.24746200   -0.49090000 
 H                  4.60863400   -2.87316000    0.83209400 
 C                  5.02130200    0.00257700   -1.10975000 
 C                 -3.92103400   -0.95611100   -1.44165900 
 C                 -1.65619400   -2.37553000   -0.61352700 
 O                 -0.53190500   -3.03532800   -0.12966800 
 C                  3.51803200    0.25321800   -1.35724900 
 C                  4.44397200   -1.82139000    0.56094600 
 H                  3.36721800    1.30359800   -1.63565000 
 C                  2.94235600   -1.57513700    0.30785700 
 H                  5.37741900    0.69092700   -0.32783200 
 H                 -4.58011100    1.79339300   -1.00368100 
 C                 -3.15960100   -0.51089900   -0.35093200 
 C                 -2.00782500   -1.19911700    0.07657900 
 H                  4.77065200   -1.22060400    1.42374500 
 C                  2.66080200   -0.11011200   -0.11660500 
 H                  2.36205200   -1.82775600    1.20243100 
 P                  0.82157700    0.11318400   -0.49702500 
 H                  1.30194800    2.16761000   -1.64621200 
 H                 -5.56417700    0.78671300    0.10417900 
 101
 H                 -1.11532600    1.73436100   -1.94779900 
 C                 -4.65687200    1.39573900    0.01500200 
 O                 -3.47447200    0.63701800    0.37709600 
 H                 -0.34326400    4.04618100   -2.41998700 
 H                  2.97152600    0.55088200    0.70693200 
 C                  0.68676200    1.99373200   -0.74672100 
 H                 -4.69419400    2.21800200    0.72869800 
 C                 -1.23476800   -0.74174600    1.27504400 
 C                 -0.77330100    2.36349100   -1.11587900 
 C                  0.04891300   -0.14332200    1.18248300 
 C                 -0.90652400    3.85400100   -1.49344600 
 H                 -1.95719100    4.09155000   -1.71076400 
 H                  1.73400900    4.62476200   -0.87062300 
 H                 -2.80702800   -1.38776900    2.59118600 
 H                 -1.43101400    2.14163700   -0.26436400 
 H                  2.26104400    2.69524600    0.60331800 
 C                 -1.82181300   -0.93621200    2.53909100 
 C                  1.21120800    2.92074100    0.37365400 
 C                  1.07931700    4.41160200   -0.01137300 
 C                  0.69850000    0.21612500    2.38224500 
 C                 -0.37266800    4.77330100   -0.37800600 
 H                 -0.43716900    5.82555300   -0.68629200 
 H                  1.68422500    0.66569400    2.34350400 
 H                  0.63782400    2.73695300    1.29235900 
 C                 -1.16130300   -0.56795200    3.71132200 
 H                  1.43148100    5.04249100    0.81626100 
 H                 -1.00729500    4.66460600    0.51476800 
 C                  0.10999900    0.00813200    3.63252300 
 H                 -1.63165300   -0.73349900    4.67575400 
 H                  0.64005800    0.29591600    4.53564600 
 
 Zero-point correction=                           0.563810 (Hartree/Particle) 
 Thermal correction to Energy=                    0.592023 
 Thermal correction to Enthalpy=                  0.592967 
 Thermal correction to Gibbs Free Energy=         0.504202 
 Sum of electronic and zero-point Energies=          -1502.780634 
 Sum of electronic and thermal Energies=             -1502.752421 
 Sum of electronic and thermal Enthalpies=           -1502.751477 
 Sum of electronic and thermal Free Energies=        -1502.840242 
 
 C, H, O = 6-31G 
 P       = 6-31G(d) 
 
Table 4: triphenylphosphine 
 
 SCF Energy = -1036.32200153 
  
 P                  0.00000000    0.00000000    1.21708600 
 C                  0.00000000    1.66925700    0.40914600 
 C                  0.74557800    2.68048200    1.03826900 
 C                 -0.70959100    1.98831600   -0.75851800 
 C                  0.79919300    3.96757100    0.50434300 
 H                  1.28443400    2.45646800    1.95549100 
 C                 -0.66503200    3.27998300   -1.28703900 
 H                 -1.30172800    1.22635300   -1.25504400 
 C                  0.09149700    4.27101200   -0.66034900 
 102
 H                  1.38455700    4.73511500    1.00266800 
 H                 -1.22216900    3.51072600   -2.19085200 
 H                  0.12444600    5.27532700   -1.07280900 
 C                 -1.44561900   -0.83462900    0.40914600 
 C                 -1.36713600   -1.60868200   -0.75851800 
 C                 -2.69415400   -0.69455100    1.03826900 
 C                 -2.50803200   -2.21592600   -1.28703900 
 H                 -0.41118900   -1.74050600   -1.25504400 
 C                 -3.83561300   -1.29166400    0.50434300 
 H                 -2.76958100   -0.11588200    1.95549100 
 C                 -3.74455300   -2.05626800   -0.66034900 
 H                 -2.42929300   -2.81379200   -2.19085200 
 H                 -4.79300900   -1.16849600    1.00266800 
 H                 -4.63079000   -2.52989000   -1.07280900 
 C                  1.44561900   -0.83462900    0.40914600 
 C                  1.94857600   -1.98593000    1.03826900 
 C                  2.07672800   -0.37963400   -0.75851800 
 C                  3.03642100   -2.67590600    0.50434300 
 H                  1.48514700   -2.34058700    1.95549100 
 C                  3.17306400   -1.06405600   -1.28703900 
 H                  1.71291700    0.51415300   -1.25504400 
 C                  3.65305700   -2.21474400   -0.66034900 
 H                  3.40845200   -3.56661900    1.00266800 
 H                  3.65146200   -0.69693300   -2.19085200 
 H                  4.50634400   -2.74543700   -1.07280900 
 
 Zero-point correction=                           0.273874 (Hartree/Particle) 
 Thermal correction to Energy=                    0.289808 
 Thermal correction to Enthalpy=                  0.290752 
 Thermal correction to Gibbs Free Energy=         0.228355 
 Sum of electronic and zero-point Energies=          -1036.048197 
 Sum of electronic and thermal Energies=             -1036.032264 
 Sum of electronic and thermal Enthalpies=           -1036.031320 
 Sum of electronic and thermal Free Energies=        -1036.093716 
 
 C, H, P = 6-31G(d,p) 
 
Table 4: tert-butyldiphenylphosphine 
 
 SCF Energy = -962.523724398 
 
 C                  2.53646800   -0.51041800   -1.07011500 
 C                  1.36541900   -0.43404600   -0.29859700 
 C                  1.30760600   -1.17259800    0.89613000 
 C                  2.39032800   -1.94876100    1.30960800 
 C                  3.55324700   -2.00163000    0.53781700 
 H                  0.40406400   -1.15351600    1.49667600 
 H                  2.32596300   -2.51309400    2.23585500 
 P                 -0.00016100    0.65544000   -0.93303300 
 C                  0.18049300    2.22437900    0.16799400 
 C                  3.62394900   -1.28122500   -0.65440800 
 H                  4.52048700   -1.32525200   -1.26629500 
 H                  4.39519800   -2.60705600    0.86111300 
 C                 -0.80423800    3.28817900   -0.36404000 
 H                 -0.65342800    3.46614600   -1.43353500 
 H                 -1.85267600    3.01671800   -0.21947000 
 103
 H                 -0.63824900    4.23689300    0.16154400 
 C                  1.61044400    2.74872500   -0.08208600 
 H                  1.73388900    3.71792200    0.41662000 
 H                  2.37128200    2.07031800    0.31174600 
 H                  1.80623600    2.89802500   -1.14956800 
 C                 -0.01291600    2.00030700    1.67609500 
 H                  0.72425100    1.29457600    2.06949500 
 H                  0.12035900    2.94928300    2.21206400 
 H                 -1.00731600    1.61982500    1.92263200 
 C                 -1.49877800   -0.28646500   -0.36811600 
 C                 -1.55296000   -1.65585100   -0.69653800 
 C                 -2.64561000    0.28677800    0.20499200 
 C                 -2.68953500   -2.41927800   -0.44062600 
 H                 -0.69152300   -2.13233000   -1.15516400 
 C                 -3.78692100   -0.47763400    0.46029400 
 H                 -2.66593100    1.33855800    0.46122600 
 C                 -3.81511300   -1.83383300    0.14263700 
 H                 -2.69566700   -3.47420900   -0.70048700 
 H                 -4.65526200   -0.00467700    0.91064300 
 H                 -4.70292600   -2.42692600    0.34105700 
 H                  2.59236200    0.03743800   -2.00690000 
 
 Zero-point correction=                           0.305702 (Hartree/Particle) 
 Thermal correction to Energy=                    0.322329 
 Thermal correction to Enthalpy=                  0.323273 
 Thermal correction to Gibbs Free Energy=         0.261535 
 Sum of electronic and zero-point Energies=           -962.217859 
 Sum of electronic and thermal Energies=              -962.201231 
 Sum of electronic and thermal Enthalpies=            -962.200287 
 Sum of electronic and thermal Free Energies=         -962.262026 
 
 C, H, P = 6-31G(d,p) 
 
Table 4: dicyclohexylphenylphosphine 
 
 SCF Energy = -1043.58898255 
 
 P                 -0.01139300   -0.02897600   -0.91235100 
 C                 -0.03849100    2.75320400   -1.24800400 
 C                 -0.04871800    1.72545600   -0.29303600 
 H                 -0.06752700    4.87524600   -1.62131000 
 C                 -0.07473000    4.09613700   -0.86422100 
 C                 -0.09527700    2.08516300    1.06547800 
 H                 -0.09943300    1.31436800    1.83170200 
 C                 -0.11996100    4.43416300    0.48757100 
 C                 -0.12941200    3.42415700    1.45315700 
 H                 -0.14762800    5.47716000    0.78989400 
 H                 -0.16275000    3.68105600    2.50845000 
 C                  1.47510300   -0.76749000    0.01786700 
 C                  1.90444600   -2.08778200   -0.66446800 
 C                  2.68143000    0.19452300    0.06189300 
 H                  1.17206900   -0.98702800    1.05332700 
 C                  3.10821800   -2.73591500    0.03839700 
 H                  2.16883300   -1.86869000   -1.70821000 
 H                  1.07304900   -2.79843200   -0.70601500 
 C                  3.89450100   -0.44271200    0.75981600 
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 H                  2.95819600    0.46988000   -0.96639800 
 H                  2.41427300    1.12545500    0.56892600 
 C                  4.30065800   -1.77314300    0.11219300 
 H                  3.39216400   -3.65699900   -0.48520000 
 H                  2.81723300   -3.03382800    1.05599900 
 H                  4.73733900    0.25931100    0.74957500 
 H                  3.64842800   -0.61582300    1.81743300 
 H                  5.12985000   -2.23066800    0.66529800 
 H                  4.67129600   -1.58131500   -0.90482200 
 C                 -1.49426500   -0.71472700    0.05398500 
 C                 -2.78895500   -0.07187500   -0.48939600 
 C                 -1.59397600   -2.25190400   -0.00602300 
 H                 -1.38241600   -0.42519100    1.10945400 
 C                 -4.04221300   -0.59392400    0.23088700 
 H                 -2.87194400   -0.29429800   -1.56278700 
 H                 -2.73470600    1.01837400   -0.40103300 
 C                 -2.85490800   -2.77410700    0.70561500 
 H                 -1.61013700   -2.57500900   -1.05676700 
 H                 -0.71101600   -2.71085800    0.45063500 
 C                 -4.13343900   -2.12374900    0.16146500 
 H                 -4.93872000   -0.13630600   -0.20477900 
 H                 -4.01271100   -0.27979000    1.28404000 
 H                 -2.90850500   -3.86531400    0.60799500 
 H                 -2.77307200   -2.56216000    1.78133200 
 H                 -5.00872000   -2.48215500    0.71656800 
 H                 -4.27916600   -2.43011900   -0.88419300 
 H                 -0.00347200    2.49491500   -2.30290700 
 
 Zero-point correction=                           0.413750 (Hartree/Particle) 
 Thermal correction to Energy=                    0.432159 
 Thermal correction to Enthalpy=                  0.433103 
 Thermal correction to Gibbs Free Energy=         0.366176 
 Sum of electronic and zero-point Energies=          -1043.175199 
 Sum of electronic and thermal Energies=             -1043.156791 
 Sum of electronic and thermal Enthalpies=           -1043.155847 
 Sum of electronic and thermal Free Energies=        -1043.222773 
 
 C, H, P = 6-31G(d,p) 
 
Table 4: XPhos 
 
 SCF Energy = -1628.49156171 
  
 H                 -3.38695800   -2.47178100   -0.91648700 
 H                  3.95806600   -4.16947200   -1.59910200 
 C                 -3.90845700   -0.39053300   -0.91634400 
 C                 -3.11073600   -1.48166900   -0.56361700 
 C                 -0.89402900   -3.52314100   -0.56174200 
 H                  5.58070500   -4.13360200   -0.91428200 
 H                  5.27802800   -2.39450600   -2.71613800 
 H                 -0.25676300   -4.35715500   -0.24374100 
 C                  4.64659400   -3.56250600   -0.99268000 
 H                  2.87563300   -1.86650300   -2.39769400 
 H                 -4.16068500    1.71824600   -0.67791100 
 H                  1.98806700   -3.03617700   -0.23193000 
 H                  3.80923600   -4.30695300    0.87257800 
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 C                  4.89611000   -2.22446800   -1.70102300 
 C                 -3.54113600    0.86128300   -0.42565100 
 C                 -1.97338100   -1.34816200    0.23766800 
 C                  3.62160400   -1.36564400   -1.76347600 
 C                  4.03440000   -3.34306500    0.39780000 
 H                  3.85596600   -0.41296000   -2.25262100 
 C                  2.75783000   -2.48731500    0.32804900 
 H                  5.67898800   -1.66963200   -1.16278300 
 C                 -2.41479400    1.05294100    0.38508900 
 C                 -1.60419300   -0.06334700    0.70839200 
 H                  4.77141600   -2.84244000    1.04351700 
 C                  3.01407700   -1.13111000   -0.36169900 
 H                  2.36176300   -2.33109100    1.33770300 
 P                  1.42180700   -0.10795800   -0.52498900 
 H                  2.57798600    1.32078900   -2.04873500 
 H                  0.22696200    2.10654800   -1.97366700 
 C                 -2.30043900    3.56588700   -0.12868100 
 H                  1.90531800    3.62746700   -2.99819700 
 H                  3.75808600   -0.58600200    0.23641000 
 C                  2.13358600    1.56943000   -1.07253500 
 H                 -1.93830300    4.52037000    0.27174100 
 C                 -0.43677700    0.09415500    1.65425200 
 C                  0.99477800    2.57067900   -1.34291500 
 C                  0.92859800    0.14945100    1.26422100 
 C                  1.51185000    3.86244200   -1.99787400 
 H                  0.68112700    4.56455900   -2.14676500 
 H                  4.25975600    3.26771500   -1.81294000 
 H                 -1.79228400    0.10008000    3.31985800 
 H                  0.51076100    2.82363000   -0.39045700 
 H                  4.06498100    1.54357200   -0.04722000 
 C                 -0.74976900    0.17330900    3.02368700 
 C                  3.22725100    2.23155300   -0.21428200 
 C                  3.75315900    3.52251400   -0.87006000 
 C                  1.90027500    0.30737300    2.27081100 
 C                  2.61860100    4.51562900   -1.15828700 
 H                  3.01082400    5.40578400   -1.66682900 
 H                  2.94940000    0.34319600    1.99635600 
 H                  2.81494100    2.47499900    0.77422900 
 C                  0.23000400    0.32860100    4.00101400 
 H                  4.51127100    3.98532500   -0.22455000 
 H                  2.19187800    4.86173900   -0.20506200 
 C                  1.56803800    0.40358900    3.62071800 
 H                 -0.05178500    0.38375300    5.04934200 
 H                  2.34983000    0.52479100    4.36617500 
 C                 -1.20853600   -2.60950300    0.63640100 
 C                 -2.14464500    2.45746600    0.93117500 
 C                 -5.14268100   -0.55384300   -1.79394900 
 H                 -0.25087100   -2.30301000    1.06585200 
 H                 -1.11012800    2.48660000    1.28901500 
 H                 -1.80077200   -3.95822000   -0.99804000 
 H                 -0.37137800   -2.96964100   -1.34885300 
 C                 -1.96829100   -3.38262000    1.73378300 
 H                 -1.40044400   -4.26693900    2.04866200 
 H                 -2.94705000   -3.72117000    1.37289200 
 H                 -2.13626300   -2.75576000    2.61647200 
 H                 -1.73797400    3.34185100   -1.03947800 
 H                 -3.34914100    3.71394400   -0.41107300 
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 C                 -3.05752100    2.77214600    2.13566000 
 H                 -2.91540600    2.05773200    2.95177400 
 H                 -4.11345600    2.73845800    1.84126300 
 H                 -2.84805400    3.77611300    2.52522200 
 H                 -5.58605600    0.44431100   -1.91515200 
 C                 -4.78258500   -1.07086200   -3.19948500 
 C                 -6.20497300   -1.45087700   -1.13079900 
 H                 -6.49122900   -1.06398000   -0.14663100 
 H                 -5.83238300   -2.47271500   -0.99184400 
 H                 -7.10707800   -1.50740300   -1.75201600 
 H                 -4.05559900   -0.41337500   -3.68848600 
 H                 -5.67609300   -1.12525000   -3.83333700 
 H                 -4.34482200   -2.07514400   -3.15390800 
 
 C, H, P = 6-31G(d,p) 
 
Table 4: DavePhos 
 
 SCF Energy = -1408.61023805 
 
 H                 -4.06288200   -3.00960800   -2.93558000 
 H                 -1.84981300   -3.85962300   -2.13961600 
 H                  4.23756500   -3.61370900   -1.24090100 
 C                 -3.52481100   -2.49651700   -2.14334100 
 C                 -2.28994600   -2.96632900   -1.70751000 
 H                  5.53049000   -3.55818200   -0.04825600 
 H                  5.57992800   -1.55731300   -1.57734000 
 C                  4.59958300   -3.06800200   -0.35783500 
 H                  3.15791200   -1.30409400   -2.03806300 
 H                 -5.03069700   -0.99334400   -1.93144300 
 H                  1.79373100   -2.93434300   -0.48341800 
 H                  3.32631600   -4.20941800    0.98650500 
 C                  4.86883400   -1.60725600   -0.74365500 
 C                 -4.07625100   -1.35432100   -1.56653100 
 C                 -1.62630900   -2.28069000   -0.69234900 
 C                  3.57430800   -0.86663700   -1.11957200 
 C                  3.54880700   -3.16021200    0.75693600 
 H                  3.81001700    0.17776700   -1.35287700 
 C                  2.25439100   -2.42458800    0.37496200 
 H                  5.34583500   -1.09210500    0.10243200 
 H                 -5.77354400    0.96162800   -1.09154600 
 C                 -3.42160500   -0.65759000   -0.53578000 
 C                 -2.15596000   -1.13131100   -0.09031500 
 H                  3.95720700   -2.72052700    1.67806600 
 C                  2.51608800   -0.95013200    0.00110200 
 H                  1.53558800   -2.48193600    1.19971900 
 P                  0.90592000   -0.11186400   -0.54238400 
 H                  2.07429400    1.61150600   -1.66870400 
 H                 -5.97609600   -0.33421800    0.11471800 
 H                 -0.35420400    2.10896600   -1.90218400 
 C                 -5.47249800    0.61446400   -0.08646900 
 H                  1.26097300    3.88519700   -2.53325800 
 H                  2.92090100   -0.44503500    0.88923300 
 C                  1.45702100    1.69518400   -0.76040000 
 H                 -5.83298100    1.35397600    0.63604400 
 C                 -1.43051800   -0.54796000    1.08529800 
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 C                  0.25400100    2.58819500   -1.12629400 
 C                 -0.07088700   -0.13347000    1.05890400 
 C                  0.70350400    3.98370500   -1.59095100 
 H                 -0.17284100    4.60544000   -1.81173300 
 H                  3.44806900    3.66092100   -1.01828400 
 H                 -3.17014000   -0.81687300    2.31376500 
 H                 -0.38838800    2.69797500   -0.24239300 
 H                  3.18609300    1.77738800    0.57851900 
 C                 -2.13145100   -0.50652200    2.30625500 
 C                  2.31362400    2.38698000    0.31655200 
 C                  2.78036600    3.77739100   -0.15265900 
 C                  0.52389400    0.25957000    2.27432100 
 C                  1.59388000    4.66908500   -0.54436800 
 H                  1.95083300    5.63546800   -0.92055600 
 H                  1.56952700    0.54502800    2.28654300 
 H                  1.72116100    2.50485000    1.23220900 
 C                 -1.52446800   -0.09277700    3.48591800 
 H                  3.37372200    4.25800800    0.63502100 
 H                  0.99542100    4.88511000    0.35218500 
 C                 -0.18176000    0.28550400    3.47353800 
 H                 -2.09126500   -0.08287900    4.41268400 
 H                  0.31353800    0.59536900    4.38952700 
 N                 -4.03586000    0.46624000    0.08140900 
 C                 -3.34172500    1.74498800   -0.04493700 
 H                 -2.28085900    1.62470300    0.16355100 
 H                 -3.45146300    2.18308500   -1.05238300 
 H                 -3.75137600    2.45375900    0.68263200 
 H                 -0.68100800   -2.66316700   -0.32384200 
 
 Zero-point correction=                           0.567721 (Hartree/Particle) 
 Thermal correction to Energy=                    0.594864 
 Thermal correction to Enthalpy=                  0.595808 
 Thermal correction to Gibbs Free Energy=         0.510228 
 Sum of electronic and zero-point Energies=          -1408.042165 
 Sum of electronic and thermal Energies=             -1408.015022 
 Sum of electronic and thermal Enthalpies=           -1408.014078 
 Sum of electronic and thermal Free Energies=        -1408.099658 
 
 C, H, N, P = 6-31G(d,p) 
 
Table 4: SPhos 
 
 SCF Energy = -1503.69286740 
  
 H                 -4.14927400   -2.40038200   -2.94784400 
 H                  0.11070200   -3.95905200   -1.89488000 
 H                 -2.16994700   -3.69474000   -2.25785000 
 H                  5.03479700   -2.15451800   -1.49344800 
 H                 -0.89980500   -4.97137200   -0.82110800 
 C                 -3.55609900   -2.06187600   -2.10325000 
 C                 -2.43698400   -2.79530900   -1.71840500 
 C                 -0.14230900   -4.17756100   -0.85014300 
 H                  6.34836400   -1.62056800   -0.45097200 
 H                  5.58946100    0.20564500   -2.01164700 
 H                  0.75252000   -4.51777800   -0.32711600 
 C                  5.28251600   -1.47522700   -0.66512400 
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 H                  3.18399800   -0.36545800   -2.20553000 
 H                 -4.80802100   -0.35448600   -1.74432000 
 H                  2.58445200   -2.25577000   -0.48606400 
 H                  4.59032600   -2.89474800    0.83009600 
 C                  5.01925500   -0.02835600   -1.10414100 
 C                 -3.93233500   -0.90530300   -1.42575300 
 C                 -1.67459200   -2.35467800   -0.62868800 
 O                 -0.57470200   -3.01504400   -0.16258900 
 C                  3.52282400    0.23267300   -1.34764700 
 C                  4.43337600   -1.84329100    0.55905800 
 H                  3.37949400    1.28284200   -1.62542300 
 C                  2.93871700   -1.58546400    0.30982700 
 H                  5.38162500    0.65673700   -0.32430700 
 H                 -4.53786000    1.80455900   -0.96506000 
 C                 -3.16209700   -0.47510500   -0.33690700 
 C                 -2.01462700   -1.18108300    0.07062400 
 H                  4.76514400   -1.24831000    1.42207200 
 C                  2.66716900   -0.12603400   -0.11382900 
 H                  2.35887600   -1.83463700    1.20427900 
 P                  0.82913300    0.10706900   -0.49538800 
 H                  1.31230900    2.15286000   -1.64079200 
 H                 -5.52119200    0.79770100    0.13645400 
 H                 -1.09760400    1.73212400   -1.94231300 
 C                 -4.60569600    1.39681600    0.05142000 
 O                 -3.45314100    0.64526200    0.39486800 
 H                 -0.32041700    4.03688400   -2.41260500 
 H                  2.97799800    0.53303000    0.70864900 
 C                  0.69812300    1.98678200   -0.74209400 
 H                 -4.64870500    2.22048800    0.76556900 
 C                 -1.23225800   -0.74255800    1.27043400 
 C                 -0.75283500    2.35994600   -1.11250800 
 C                  0.05069200   -0.15264200    1.18374400 
 C                 -0.88209300    3.84591100   -1.48665200 
 H                 -1.93012000    4.08660200   -1.70566800 
 H                  1.75341800    4.60797200   -0.86725200 
 H                 -2.80381300   -1.39335100    2.57992000 
 H                 -1.41223800    2.13979700   -0.26324800 
 H                  2.27597300    2.68075400    0.59791000 
 C                 -1.81688200   -0.94340400    2.53052000 
 C                  1.22758400    2.90883600    0.37107300 
 C                  1.09843700    4.39487500   -0.01010100 
 C                  0.70068900    0.19316400    2.38193100 
 C                 -0.34649300    4.76018100   -0.37616600 
 H                 -0.40883400    5.81175400   -0.68216300 
 H                  1.68928100    0.63833900    2.34643600 
 H                  0.65985300    2.72577600    1.29206100 
 C                 -1.15616300   -0.58961500    3.70285100 
 H                  1.45374700    5.02384500    0.81575100 
 H                 -0.98087300    4.65495000    0.51550900 
 C                  0.11412900   -0.02029800    3.62795000 
 H                 -1.62719300   -0.76211900    4.66646600 
 H                  0.64700400    0.25859200    4.53287500 
 
 Zero-point correction=                           0.559465 (Hartree/Particle) 
 Thermal correction to Energy=                    0.587858 
 Thermal correction to Enthalpy=                  0.588802 
 Thermal correction to Gibbs Free Energy=         0.499831 
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 Sum of electronic and zero-point Energies=          -1503.133478 
 Sum of electronic and thermal Energies=             -1503.105086 
 Sum of electronic and thermal Enthalpies=           -1503.104141 
 Sum of electronic and thermal Free Energies=        -1503.193112 
 
 C, H, O, P = 6-31G(d,p) 
 
Table 6: SCF Energies 
 
Entry # SCF Energy (#a) SCF Energy (#b) 
   
1 -2291.94524221 -2291.94773634 
2 -2291.95143187 -2291.95231717 
3 -2291.94918219 -2291.95088656 
4 -2291.95355906 -2291.95459335 
5 -2291.95288791 -2291.95546037 
6 -2291.95786495 -2291.95975317 
7 -2291.95702428 -2291.95956795 
8 -2291.96176252 -2291.96347814 
9 -2291.95803735 -2291.96053980 
10 -2291.96281985 -2291.96443116 
11 -2293.13551877 -2293.13827608 
12 -2292.47811368 -2292.47965577 
13 -2195.41889515 -2195.42151102 
14 -3670.43580484 -3670.45615424 
15 -2291.94524221 -2291.94773634 
16 -7104.90126128 -7104.90208224 
 
Table 7: SCF Energies 
 
Entry # SCF Energy (#a) SCF Energy (#b) 
   
1 -2291.94018898 -2291.94335922 
2 -2291.94918219 -2291.95088656 
3 -2291.94185193 -2291.94416002 
4 -2291.94877152 -2291.95068560 
5 -2292.15417040 -2292.15701165 
6 -2293.34288176 -2293.34429215 
7 -2292.16152915 -2292.15999342 
8 -2292.16394696 -2292.16529483 
9 -2292.16662323 -2292.16838540 
10 -2292.16916544 -2292.16977682 
11 -4852.92975606 -4852.93331534 
12 -2695.67540595 -2695.67835407 
13 -4853.00577124 -4853.00734859 
14 -2695.69426028 -2695.69729357 
15 -4852.93598093 -4852.93733938 
16 -2695.67927082 -2695.68178945 
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17 -4853.00960128 -4853.01096908 
18 -2695.69858887 -2695.70103031 
 
Table 8: SCF Energies 
 
Entry # SCF Energy (#a) SCF Energy (#b) 
   
1 -2291.94918219 -2291.95088656 
2 -2292.01055191 -2292.01322553 
3 -2292.38080623 -2292.38369214 
4 -2292.44417301 -2292.44680322 
5 -2292.46605367 -2292.46793476 
6 -2292.60879668 -2292.61052717 
7 -2292.09011355 -2292.09284453 
8 -2292.62782437 -2292.63005068 
9 -2292.20125985 -2292.20267976 
 
Table 9: SCF Energies 
 
Entry # SCF Energy (#a) SCF Energy (#b) 
   
1 -2291.94918219 -2291.95088656 
2 -2293.40670591 -2293.40695725 
3 -2694.71348436 -2694.71278241 
4 -2292.42103947 -2292.42228330 
 
Figure 2: (SPhos)Pd 
 
 See “Table 3: (SPhos)Pd” above 
 
Figure 2: PhCl 
 
 SCF Energy = -691.788045875 
 
 C                 -1.58005100   -1.21110600    0.00000200 
 C                 -0.18026500   -1.21847500    0.00002100 
 C                  0.50479200   -0.00001000   -0.00003100 
 C                 -0.18025900    1.21847100   -0.00000700 
 C                 -1.58003000    1.21111900    0.00003000 
 C                 -2.28206500    0.00000300   -0.00002100 
 H                 -2.11773500   -2.15374600    0.00000100 
 H                  0.37119100   -2.15125000    0.00002100 
 H                  0.37123000    2.15122900   -0.00001100 
 H                 -2.11772700    2.15375000    0.00003100 
 H                 -3.36694300    0.00001900   -0.00003400 
 Cl                 2.27336800   -0.00000100    0.00000200 
 
 Zero-point correction=                           0.092213 (Hartree/Particle) 
 Thermal correction to Energy=                    0.097629 
 Thermal correction to Enthalpy=                  0.098573 
 Thermal correction to Gibbs Free Energy=         0.062461 
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 Sum of electronic and zero-point Energies=           -691.695833 
 Sum of electronic and thermal Energies=              -691.690417 
 Sum of electronic and thermal Enthalpies=            -691.689473 
 Sum of electronic and thermal Free Energies=         -691.725585 
 
 C, H = 6-31G 
 Cl   = 6-31G(d) 
 
Figure 2: Ph-cis transition state 
 
 SCF Energy = -2321.90265950 
 
 C                  2.69798100   -1.00663000    0.41484800 
 C                  2.30543800   -2.28944000    0.84786600 
 C                  2.47316800   -3.41895100    0.03390300 
 C                  3.04569600   -3.26703000   -1.23005800 
 C                  3.45639100   -2.01356100   -1.68929400 
 C                  3.28412000   -0.89663800   -0.85977800 
 C                  2.63281000    0.16361200    1.34978300 
 C                  1.54179600    1.06765900    1.43421300 
 C                  1.62701000    2.11923000    2.37248900 
 C                  2.73740300    2.28377400    3.20411700 
 C                  3.80640400    1.39012800    3.11383800 
 C                  3.74579800    0.34513300    2.19204100 
 H                  2.15742300   -4.39812400    0.36795300 
 H                  3.90062800   -1.91798000   -2.67131500 
 H                  0.81347900    2.82799500    2.46515500 
 H                  2.76277500    3.10470800    3.91423900 
 H                  4.67614800    1.50275100    3.75348400 
 H                  4.56940300   -0.35732300    2.11617300 
 P                  0.05880800    0.90950900    0.31246600 
 Pd                -0.61164600   -1.23189500   -0.35818600 
 C                  4.36761200    0.57855000   -2.49173400 
 H                  3.72705400    0.31161800   -3.34020600 
 H                  4.60539100    1.64107200   -2.53011700 
 H                  5.29139800   -0.01010400   -2.52824700 
 C                  1.22307400   -3.60217600    2.60625200 
 H                  0.42125700   -3.95696400    1.94966000 
 H                  2.00419300   -4.36725000    2.68975600 
 H                  0.82260700   -3.37786600    3.59406500 
 H                  3.17367500   -4.13688000   -1.86610200 
 O                  3.67713800    0.39205200   -1.22795600 
 O                  1.76708300   -2.34312600    2.12757300 
 C                 -1.28614800    1.83848500    1.24863800 
 C                 -2.55881300    2.02527200    0.38246000 
 C                 -1.64455900    1.09727500    2.56356500 
 H                 -0.91337200    2.84163000    1.50225700 
 C                 -3.67145200    2.75695700    1.16432500 
 H                 -2.92382000    1.04308200    0.05772600 
 H                 -2.32423100    2.59218600   -0.52573600 
 C                 -2.75563700    1.83002700    3.34412200 
 H                 -1.98097700    0.08206900    2.31032500 
 H                 -0.75666100    0.98581700    3.19610100 
 C                 -4.01485700    2.03608400    2.48117400 
 H                 -4.56607000    2.84098800    0.53313200 
 H                 -3.34529700    3.78478600    1.38778500 
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 H                 -3.00398300    1.26320200    4.25156400 
 H                 -2.38034900    2.80956000    3.67941300 
 H                 -4.77139900    2.60341700    3.03976000 
 H                 -4.45803600    1.05663200    2.24883700 
 C                  0.60772500    2.04227800   -1.10528200 
 C                 -0.16728700    1.78286500   -2.42169800 
 C                  0.65202000    3.55488600   -0.78156700 
 H                  1.64404400    1.70840700   -1.26700800 
 C                  0.44437500    2.58390000   -3.59062200 
 H                 -1.22135500    2.07095100   -2.30592900 
 H                 -0.16005100    0.70826100   -2.64267900 
 C                  1.25769500    4.35544100   -1.95640400 
 H                 -0.36447100    3.92677000   -0.58703500 
 H                  1.24124400    3.73348100    0.12578600 
 C                  0.50471000    4.09156500   -3.27492000 
 H                 -0.13556800    2.40982700   -4.50696100 
 H                  1.46310200    2.21456500   -3.78690100 
 H                  1.24701500    5.42809600   -1.72013300 
 H                  2.31373100    4.06981000   -2.07732500 
 H                  0.98237800    4.63576800   -4.10064400 
 H                 -0.52060700    4.48375300   -3.19086100 
 C                 -2.68437300   -1.95772100   -0.86711000 
 C                 -3.16212500   -1.35045100   -2.04326600 
 C                 -3.49154100   -2.04138200    0.28243700 
 C                 -4.42223100   -0.74401300   -2.02862400 
 H                 -2.55463100   -1.35198000   -2.93979900 
 C                 -4.75057300   -1.43051700    0.27230800 
 H                 -3.13586200   -2.56920300    1.15874600 
 C                 -5.22051700   -0.77733700   -0.87591600 
 H                 -4.78395000   -0.25383100   -2.92753300 
 H                 -5.36921100   -1.47872600    1.16354600 
 Cl                -1.39589800   -3.43745700   -1.12186500 
 H                 -6.20362700   -0.31872000   -0.87924100 
 
 Zero-point correction=                           0.656862 (Hartree/Particle) 
 Thermal correction to Energy=                    0.694027 
 Thermal correction to Enthalpy=                  0.694971 
 Thermal correction to Gibbs Free Energy=         0.584047 
 Sum of electronic and zero-point Energies=          -2321.245798 
 Sum of electronic and thermal Energies=             -2321.208633 
 Sum of electronic and thermal Enthalpies=           -2321.207689 
 Sum of electronic and thermal Free Energies=        -2321.318612 
 
 C, H  = 6-31G 
 P, Cl = 6-31G(d) 
 Pd    = LANL2DZ 
 
Figure 2: Ph-trans transition state 
  
 SCF Energy = -2321.90354216 
 
 C                 -0.42560700   -2.45223000    0.74038400 
 C                 -1.69715200   -2.10067900    1.23751200 
 C                 -2.86882800   -2.41514600    0.53462500 
 C                 -2.76993500   -3.10040800   -0.67770300 
 C                 -1.52891500   -3.47856300   -1.19426900 
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 C                 -0.36826300   -3.15398800   -0.47736700 
 C                  0.80402500   -2.20446100    1.56050800 
 C                  1.60007300   -1.03399800    1.46612100 
 C                  2.72779200   -0.93060000    2.30783600 
 C                  3.06715800   -1.93582900    3.21693800 
 C                  2.27838700   -3.08507300    3.30282400 
 C                  1.16041200   -3.20984500    2.47777400 
 H                 -3.83988300   -2.11759200    0.90646000 
 H                 -1.47507300   -4.01459900   -2.13270700 
 H                  3.35695100   -0.05041000    2.26052600 
 H                  3.94155200   -1.81853000    3.84969000 
 H                  2.52845000   -3.87479900    4.00429100 
 H                  0.53910000   -4.09746700    2.53857300 
 P                  1.20295500    0.30073900    0.22995900 
 Pd                -1.04739700    0.93387200   -0.35626100 
 C                 -2.96701100    1.52278600   -0.83340800 
 C                 -3.66461100    1.94933600    0.31545100 
 C                 -3.56814700    0.65852300   -1.77011700 
 C                 -4.94348000    1.43223600    0.56120000 
 H                 -3.22015500    2.68078900    0.98054000 
 C                 -4.84620800    0.15523000   -1.50293600 
 C                 -5.53575400    0.53776000   -0.34273300 
 H                 -5.30950300   -0.52505000   -2.21151100 
 C                  1.05750400   -4.31062600   -2.10500700 
 H                  0.68631900   -3.78417000   -2.99197400 
 H                  2.12863100   -4.48407700   -2.20222600 
 H                  0.53460700   -5.26798300   -1.99900600 
 C                 -2.95823900   -1.05198400    3.05554100 
 H                 -3.48720400   -0.33962900    2.41436800 
 H                 -3.59271100   -1.92532500    3.24842300 
 H                 -2.69003500   -0.57628600    3.99812900 
 H                 -3.67343500   -3.34190900   -1.22799200 
 O                  0.91430200   -3.49987700   -0.90851700 
 O                 -1.69100800   -1.44681500    2.46292900 
 C                  2.09009900    1.81424100    0.91655900 
 C                  2.07240700    2.98802400   -0.09815900 
 C                  1.43215600    2.26194100    2.24981700 
 H                  3.14295300    1.56331300    1.11139400 
 C                  2.75452200    4.24551300    0.48156800 
 H                  1.03211300    3.22236100   -0.36233200 
 H                  2.57682900    2.70130100   -1.02766100 
 C                  2.11115600    3.52080500    2.82795200 
 H                  0.37012200    2.47605100    2.05831500 
 H                  1.46167100    1.44963700    2.98512400 
 C                  2.11441200    4.67982500    1.81330200 
 H                  2.69922500    5.06180700   -0.25056100 
 H                  3.82409200    4.03867700    0.64321800 
 H                  1.59988100    3.82323600    3.75159100 
 H                  3.14841500    3.27922600    3.10788200 
 H                  2.64584500    5.54720500    2.22678000 
 H                  1.07856400    5.00104900    1.62758800 
 C                  2.22080100   -0.30940000   -1.24699900 
 C                  1.74290400    0.29122300   -2.59331900 
 C                  3.75689200   -0.18920900   -1.10143000 
 H                  1.97543700   -1.38222100   -1.26282400 
 C                  2.47142700   -0.36863400   -3.78333000 
 H                  1.92858000    1.37326700   -2.61573700 
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 H                  0.65739900    0.16394700   -2.69037300 
 C                  4.47989300   -0.84835300   -2.29742600 
 H                  4.04854300    0.86975000   -1.05510300 
 H                  4.08880800   -0.65771100   -0.16709800 
 C                  4.00282000   -0.26401600   -3.64126400 
 H                  2.14368500    0.09453800   -4.72341000 
 H                  2.18607000   -1.43098500   -3.83788500 
 H                  5.56576400   -0.72195500   -2.19099500 
 H                  4.28522500   -1.93154300   -2.28165000 
 H                  4.49911800   -0.77658200   -4.47614800 
 H                  4.29887200    0.79459600   -3.70100200 
 H                 -3.04620400    0.40072800   -2.68415300 
 H                 -5.48551800    1.74934200    1.44767300 
 Cl                -1.71075200    3.00494700   -1.69473400 
 H                 -6.53687500    0.16184400   -0.15711500 
 
 Zero-point correction=                           0.656620 (Hartree/Particle) 
 Thermal correction to Energy=                    0.693814 
 Thermal correction to Enthalpy=                  0.694758 
 Thermal correction to Gibbs Free Energy=         0.583721 
 Sum of electronic and zero-point Energies=          -2321.246923 
 Sum of electronic and thermal Energies=             -2321.209728 
 Sum of electronic and thermal Enthalpies=           -2321.208784 
 Sum of electronic and thermal Free Energies=        -2321.319821 
 
 C, H  = 6-31G 
 P, Cl = 6-31G(d) 
 Pd    = LANL2DZ 
 
3a 
 
 SCF Energy = -2675.56986955 
 
 H                  1.35549300   -4.53659100   -2.60464100 
 H                  0.69204000   -5.37565300   -0.35326500 
 H                 -0.75550900    1.90898200    4.43485500 
 C                  0.48498900   -4.12541300   -2.10277000 
 C                  0.10911000   -4.59983100   -0.84047200 
 H                 -2.07701800    2.53937500    5.42005600 
 H                 -1.70704200    3.92933500    3.34575800 
 C                 -1.84529800    2.06039000    4.45930900 
 H                 -0.91998600    2.15913800    1.77379800 
 H                  0.00303400   -2.75534600   -3.69989000 
 H                 -1.22678100   -0.21312700    2.88884000 
 H                 -2.20833300    0.02952600    5.16477900 
 C                 -2.25401400    2.97832100    3.29162500 
 C                 -0.27666500   -3.12531000   -2.71826100 
 C                 -1.02841200   -4.08712900   -0.20960200 
 C                 -1.99803000    2.31142200    1.92328600 
 C                 -2.54851400    0.69339400    4.35848000 
 H                 -2.32936100    2.98283500    1.12118400 
 C                 -2.29513900    0.02294800    2.99263100 
 H                 -3.32345300    3.22514400    3.38378800 
 C                 -1.40906400   -2.60687100   -2.08134300 
 C                 -1.80583100   -3.08311000   -0.81943600 
 H                 -3.63166600    0.83132700    4.50199300 
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 C                 -2.71274700    0.94041600    1.81554800 
 H                 -2.83650200   -0.92937300    2.94194700 
 P                 -2.32942400    0.11442800    0.15732000 
 H                 -2.50638100    2.16279000   -1.05169200 
 H                 -2.01785500    0.43418700   -2.73995500 
 H                 -2.87603300    2.58245700   -3.60719500 
 H                 -3.79406100    1.12167000    1.89555300 
 C                 -3.16307900    1.28014400   -1.09473500 
 C                 -3.10485500   -2.68435500   -0.18931700 
 C                 -3.05855700    0.70973000   -2.53152100 
 C                 -3.47617800   -1.37253000    0.22223500 
 C                 -3.55562800    1.71731100   -3.58981000 
 H                 -3.50944300    1.26004400   -4.58752000 
 H                 -4.47040600    3.68105700   -1.78915900 
 H                 -3.72816900   -4.73714100   -0.33119800 
 H                 -3.66218900   -0.20810800   -2.59982600 
 H                 -4.69207100    2.18659100    0.18819600 
 C                 -4.02251700   -3.74444100   -0.00612400 
 C                 -4.61170000    1.74479200   -0.81284300 
 C                 -5.08766100    2.77269900   -1.86389800 
 C                 -4.76230000   -1.20715900    0.78936700 
 C                 -4.98633100    2.20371500   -3.29142400 
 H                 -5.29379000    2.95899900   -4.02693000 
 H                 -5.07105100   -0.22798800    1.13127400 
 H                 -5.28708600    0.87927400   -0.83940800 
 C                 -5.28336600   -3.54913200    0.55319400 
 H                 -6.12092700    3.07476600   -1.64591200 
 H                 -5.68555400    1.35967700   -3.39372800 
 C                 -5.65833600   -2.26453900    0.95236500 
 H                 -5.96261200   -4.38737600    0.67260800 
 H                 -6.63440200   -2.08415700    1.39208100 
 H                 -1.32409700   -4.46591800    0.76390200 
 H                 -2.00764500   -1.85499700   -2.57940600 
 Pd                -0.00008100    0.00018300   -0.12205200 
 P                  2.32929800   -0.11453200    0.15735500 
 C                  2.71224800   -0.94120300    1.81533400 
 C                  3.16320800   -1.27971300   -1.09500700 
 C                  3.47612900    1.37231200    0.22319900 
 C                  1.99758300   -2.31227800    1.92242700 
 C                  2.29434900   -0.02417600    2.99267400 
 H                  3.79355600   -1.12244600    1.89552100 
 H                  2.50636500   -2.16228800   -1.05268500 
 C                  3.05933200   -0.70849700   -2.53151400 
 C                  4.61165300   -1.74474100   -0.81281400 
 C                  3.10497000    2.68428300   -0.18802600 
 C                  4.76203200    1.20673200    0.79074500 
 H                  0.91955700   -2.16002100    1.77279500 
 C                  2.25335500   -2.97965300    3.29057000 
 H                  2.32910800   -2.98337700    1.12013900 
 H                  1.22599900    0.21186800    2.88873200 
 C                  2.54748800   -0.69509400    4.35832300 
 H                  2.83567300    0.92818900    2.94242500 
 H                  2.01877600   -0.43259300   -2.74019400 
 C                  3.55661600   -1.71558400   -3.59016800 
 H                  3.66318500    0.20925200   -2.59908100 
 H                  4.69156400   -2.18713500    0.18799500 
 C                  5.08788000   -2.77211700   -1.86427100 
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 H                  5.28717200   -0.87930300   -0.83860600 
 C                  1.80612100    3.08331100   -0.81838000 
 C                  4.02257900    3.74429400   -0.00418700 
 H                  5.07061600    0.22744500    1.13247900 
 C                  5.65803800    2.26404200    0.95438000 
 H                  1.70644200   -3.93072500    3.34424700 
 C                  1.84435000   -2.06217900    4.45851800 
 H                  3.32279500   -3.22643400    3.38285100 
 H                  2.20709400   -0.03154000    5.16479300 
 H                  3.63062000   -0.83300200    4.50201200 
 H                  2.87691000   -2.58062900   -3.60826200 
 H                  3.51086200   -1.25777800   -4.58765100 
 C                  4.98714400   -2.20234100   -3.29152300 
 H                  4.47050000   -3.68044800   -1.79025300 
 H                  6.12103200   -3.07442200   -1.64607600 
 C                  1.02814100    4.08651300   -0.20794600 
 C                  1.41017600    2.60825600   -2.08099400 
 H                  3.72832800    4.73711400   -0.32898200 
 C                  5.28324600    3.54876800    0.55547900 
 H                  6.63394200    2.08350300    1.39439300 
 H                  0.75455400   -1.91084000    4.43390500 
 H                  2.07591200   -2.54149900    5.41913700 
 H                  5.29476900   -2.95726700   -4.02732800 
 H                  5.68651600   -1.35834100   -3.39311600 
 C                 -0.10918800    4.59955100   -0.83890500 
 H                  1.32324700    4.46443200    0.76607200 
 C                  0.27796000    3.12701200   -2.71797300 
 H                  2.00924600    1.85706000   -2.57950600 
 H                  5.96247800    4.38695000    0.67540400 
 H                 -0.69256400    5.37475100   -0.35124100 
 C                 -0.48428400    4.12629400   -2.10186600 
 H                 -0.00113900    2.75796700   -3.70012000 
 H                 -1.35464300    4.53773800   -2.60377100 
 
 Zero-point correction=                           1.001839 (Hartree/Particle) 
 Thermal correction to Energy=                    1.051187 
 Thermal correction to Enthalpy=                  1.052131 
 Thermal correction to Gibbs Free Energy=         0.914025 
 Sum of electronic and zero-point Energies=          -2674.568031 
 Sum of electronic and thermal Energies=             -2674.518683 
 Sum of electronic and thermal Enthalpies=           -2674.517739 
 Sum of electronic and thermal Free Energies=        -2674.655845 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 Pd   = LANL2DZ 
 
3b 
 
 SCF Energy = -2675.57444077 
 
 H                 -0.68416100   -4.93705400   -1.42907300 
 H                 -0.50416500   -2.82555600   -2.73779900 
 H                  1.37420900    4.50963400   -2.26214900 
 C                  0.21377800   -4.33033400   -1.36464800 
 C                  0.31648000   -3.14633700   -2.10439700 
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 H                  2.70751100    5.65475700   -2.41743900 
 H                  2.02743200    5.32514100   -0.00870000 
 C                  2.44232800    4.65748500   -2.04189300 
 H                  1.28982900    2.94694800   -0.09829800 
 H                  1.20275700   -5.64126900    0.03848000 
 H                  1.91097900    1.90931500   -2.42857600 
 H                  3.05760200    3.60342800   -3.84830800 
 C                  2.65972500    4.58551600   -0.51852600 
 C                  1.27436100   -4.72661800   -0.54228800 
 C                  1.47446300   -2.36410400   -2.02764700 
 C                  2.35597400    3.17659400    0.03486100 
 C                  3.26280500    3.57580100   -2.76974500 
 H                  2.55044100    3.15737700    1.11503600 
 C                  2.95946900    2.16720000   -2.21840300 
 H                  3.70290500    4.85273300   -0.28819600 
 C                  2.43759900   -3.95156700   -0.47699100 
 C                  2.55638300   -2.76203300   -1.21945100 
 H                  4.33584300    3.79122300   -2.64841500 
 C                  3.18847300    2.08685900   -0.68703300 
 H                  3.58024700    1.42431000   -2.73419800 
 P                  2.75512400    0.36320500   -0.04911500 
 H                  2.56247300    1.04638600    2.23052300 
 H                  2.14366000   -1.39379800    2.18958200 
 H                  2.64346000   -0.39285100    4.40589600 
 H                  4.24840500    2.29926000   -0.48838500 
 C                  3.31599700    0.39270900    1.76356800 
 C                  3.86711200   -2.03878300   -1.25516700 
 C                  3.15329700   -1.01544400    2.39154500 
 C                  4.08308200   -0.68870700   -0.85803100 
 C                  3.42179500   -0.99389200    3.91096000 
 H                  3.33909400   -2.01106200    4.31684400 
 H                  4.26189500    1.69416300    4.08177900 
 H                  4.77579800   -3.81570000   -2.05382700 
 H                  3.85804300   -1.70921000    1.90988500 
 H                  4.82420900    1.98146900    1.67992900 
 C                  4.95642000   -2.78892500   -1.75215700 
 C                  4.71500600    0.96715700    2.08499200 
 C                  4.97066800    0.99706900    3.60903500 
 C                  5.38328700   -0.15814200   -1.02061600 
 C                  4.80585800   -0.39938400    4.23710700 
 H                  4.95227000   -0.34737500    5.32423000 
 H                  5.58088600    0.86793700   -0.73763300 
 H                  5.48516100    0.34567300    1.60870200 
 C                  6.23114300   -2.24205100   -1.89057100 
 H                  5.97752000    1.38826100    3.80822300 
 H                  5.58838300   -1.06638900    3.84404600 
 C                  6.44391900   -0.90967600   -1.53060500 
 H                  7.04294100   -2.84544600   -2.28458700 
 H                  7.42463600   -0.45708000   -1.64006700 
 H                  1.55547400   -1.45912800   -2.61895600 
 H                  3.26503500   -4.26965800    0.15029500 
 Pd                 0.43907700   -0.02356300   -0.15582500 
 P                 -1.88855800    0.20323900    0.08305500 
 C                 -2.81327500    0.11412000   -1.55075400 
 C                 -2.74260400   -1.10061500    1.15047700 
 C                 -2.41661600    1.86907000    0.82880000 
 C                 -4.20954600   -0.03578700   -1.79349700 
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 C                 -1.95340700    0.15815800   -2.67162300 
 C                 -2.57921600   -2.49223800    0.48595500 
 C                 -2.17778800   -1.13515900    2.59446300 
 H                 -3.81117900   -0.86049000    1.21005000 
 C                 -1.45391900    2.30100100    1.96776500 
 C                 -2.45355400    2.98217900   -0.25146900 
 H                 -3.42614100    1.74831900    1.24805100 
 C                 -5.27883100   -0.09391100   -0.74179800 
 C                 -4.66366800   -0.15596300   -3.12408600 
 H                 -0.88695600    0.25716300   -2.48425300 
 C                 -2.42336300    0.05971700   -3.98375200 
 C                 -3.21543600   -3.61735900    1.32752900 
 H                 -1.50780000   -2.69706700    0.35423500 
 H                 -3.02223100   -2.48582100   -0.51722100 
 C                 -2.80809200   -2.26999700    3.43129500 
 H                 -1.08657300   -1.26710500    2.55222600 
 H                 -2.36505100   -0.18188000    3.10037500 
 C                 -1.84766300    3.66702100    2.56922100 
 H                 -0.43648600    2.34866600    1.55647900 
 H                 -1.42485000    1.54976500    2.76285600 
 C                 -2.84727800    4.35131100    0.34232500 
 H                 -1.45623600    3.05982800   -0.71034800 
 H                 -3.14458000    2.71681600   -1.05919800 
 C                 -5.68674900    1.05148000   -0.03457300 
 C                 -5.97499600   -1.29842500   -0.52043100 
 H                 -5.72919200   -0.27620100   -3.29483400 
 C                 -3.79067700   -0.10611500   -4.21223500 
 H                 -1.72550500    0.10358700   -4.81426600 
 C                 -2.64283700   -3.64317600    2.75653700 
 H                 -3.05082200   -4.58462200    0.83305600 
 H                 -4.30474200   -3.46667500    1.37517500 
 H                 -2.35711400   -2.27913300    4.43284100 
 H                 -3.88046300   -2.06311600    3.56998900 
 C                 -1.91157800    4.76539200    1.49268300 
 H                 -1.12995300    3.94366200    3.35335700 
 H                 -2.83014200    3.58132300    3.05923800 
 H                 -2.83925700    5.11243400   -0.44950900 
 H                 -3.88121000    4.30087900    0.71888200 
 C                 -6.73180000    0.98603500    0.89461400 
 H                 -5.19911100    1.99984300   -0.22913600 
 C                 -7.01824100   -1.36552900    0.40913200 
 H                 -5.68651200   -2.18534600   -1.07574900 
 H                 -4.17715300   -0.19450900   -5.22290100 
 H                 -3.13479800   -4.42304500    3.35323700 
 H                 -1.57389200   -3.90132600    2.71358500 
 H                 -2.24433800    5.71510800    1.93236300 
 H                 -0.90108900    4.93870100    1.09214700 
 H                 -7.03242100    1.88211100    1.42885300 
 C                 -7.39643000   -0.22352900    1.12511900 
 H                 -7.53591300   -2.30603000    0.57077300 
 H                 -8.20623200   -0.27347500    1.84606800 
 
 Zero-point correction=                           1.000919 (Hartree/Particle) 
 Thermal correction to Energy=                    1.050546 
 Thermal correction to Enthalpy=                  1.051490 
 Thermal correction to Gibbs Free Energy=         0.911427 
 Sum of electronic and zero-point Energies=          -2674.573522 
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 Sum of electronic and thermal Energies=             -2674.523895 
 Sum of electronic and thermal Enthalpies=           -2674.522950 
 Sum of electronic and thermal Free Energies=        -2674.663013 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 Pd   = LANL2DZ 
 
3c 
 
 SCF Energy = -2675.57670275 
 
 H                 -8.56992400   -1.45189800    1.41630300 
 H                 -7.66370500    0.86584900    1.48330100 
 C                 -7.75567200   -1.16499300    0.75849900 
 C                 -7.24129800    0.13562000    0.79986300 
 H                 -7.62102100   -3.09761800   -0.19564800 
 C                 -7.22108800   -2.08951100   -0.14663200 
 C                 -6.19021800    0.50664400   -0.04693700 
 C                 -6.17199300   -1.71720100   -0.99368800 
 C                 -5.62607700   -0.41923200   -0.94315400 
 P                 -2.34847500    0.16514700    0.11535500 
 C                 -4.54082400   -0.03606100   -1.90573200 
 C                 -3.18579700    0.23993200   -1.56066300 
 H                 -5.96033300   -0.19031200   -3.51260800 
 C                 -4.92676100    0.02758200   -3.26126700 
 C                 -2.29706800    0.58327300   -2.60432600 
 H                 -1.25859900    0.76912100   -2.34279100 
 C                 -4.02840800    0.37696400   -4.27122900 
 C                 -2.70305100    0.66264700   -3.93858400 
 H                 -4.36313700    0.42301500   -5.30295500 
 H                 -1.98617400    0.93328400   -4.70748300 
 C                 -3.06608500   -1.38358000    0.91802300 
 C                 -2.67090700   -2.62678700    0.07803800 
 C                 -2.58290000   -1.55329900    2.38098000 
 H                 -4.15922000   -1.30057100    0.92929000 
 C                 -3.19118100   -3.93588300    0.70594800 
 H                 -1.57387500   -2.66554900    0.00398600 
 H                 -3.05095000   -2.52832000   -0.94599700 
 C                 -3.09627200   -2.87009000    3.00333900 
 H                 -1.48313100   -1.53698100    2.40158200 
 H                 -2.92833100   -0.71345800    2.99492200 
 C                 -2.70446900   -4.09577900    2.15795000 
 H                 -2.86664000   -4.79132200    0.09810500 
 H                 -4.29171200   -3.93444600    0.68995900 
 H                 -2.70524500   -2.96982200    4.02491000 
 H                 -4.19298500   -2.82559000    3.08769700 
 H                 -3.11721500   -5.01174700    2.60160600 
 H                 -1.60940000   -4.20588300    2.16364500 
 C                 -3.07813600    1.62106800    1.09262000 
 C                 -2.14902200    1.99887200    2.27832500 
 C                 -3.28044800    2.86792400    0.19196200 
 H                 -4.05474400    1.31050700    1.49294000 
 C                 -2.69781100    3.19709500    3.08177500 
 H                 -1.15693700    2.24314500    1.87154900 
 H                 -2.00250100    1.14491000    2.94767200 
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 C                 -3.82997600    4.07074700    0.98801700 
 H                 -2.31284100    3.14119200   -0.25533600 
 H                 -3.95068700    2.63962400   -0.64384000 
 C                 -2.92591800    4.42575800    2.18235600 
 H                 -2.00201800    3.44433000    3.89482800 
 H                 -3.64936400    2.91324400    3.55783000 
 H                 -3.93808200    4.93600700    0.32033000 
 H                 -4.83943600    3.83097600    1.35793100 
 H                 -3.36444800    5.24917200    2.76157200 
 H                 -1.95531800    4.78368200    1.80690100 
 H                 -5.75973200   -2.43630300   -1.69459500 
 H                 -5.81930300    1.52480000   -0.02774800 
 Pd                 0.00000000    0.17820400   -0.00007900 
 P                  2.34848900    0.16516400   -0.11534500 
 C                  3.18572200    0.23928800    1.56073900 
 C                  3.06609600   -1.38329300   -0.91854800 
 C                  3.07824600    1.62145200   -1.09200000 
 C                  4.54073200   -0.03685400    1.90575100 
 C                  2.29694100    0.58217800    2.60450500 
 C                  2.67091700   -2.62677800   -0.07898200 
 C                  2.58289600   -1.55251100   -2.38156300 
 H                  4.15923100   -1.30029200   -0.92979400 
 C                  2.14924800    1.99971000   -2.27765500 
 C                  3.28046700    2.86796500   -0.19085100 
 H                  4.05489400    1.31103900   -1.49233600 
 C                  5.62602500   -0.41960200    0.94305200 
 C                  4.92660500    0.02620500    3.26133100 
 H                  1.25848200    0.76812600    2.34300100 
 C                  2.70286200    0.66098000    3.93881600 
 C                  3.19116500   -3.93566700   -0.70734300 
 H                  1.57388600   -2.66555200   -0.00492200 
 H                  3.05098000   -2.52866300    0.94507900 
 C                  3.09622800   -2.86910200   -3.00437500 
 H                  1.48312700   -1.53615800   -2.40214900 
 H                  2.92834300   -0.71247100   -2.99522400 
 C                  2.69811100    3.19824600   -3.08058900 
 H                  1.15712100    2.24382300   -1.87088600 
 H                  2.00279600    1.14601000   -2.94734900 
 C                  3.83006200    4.07110100   -0.98638800 
 H                  2.31281400    3.14105600    0.25645900 
 H                  3.95062700    2.63935000    0.64492900 
 C                  6.19022600    0.50666700    0.04728100 
 C                  6.17190500   -1.71760900    0.99301400 
 H                  5.96016600   -0.19179300    3.51262800 
 C                  4.02820300    0.37515300    4.27140000 
 H                  1.98594800    0.93128100    4.70779900 
 C                  2.70441900   -4.09506800   -2.15938800 
 H                  2.86662600   -4.79130800   -0.09978200 
 H                  4.29169600   -3.93424700   -0.69137500 
 H                  2.70517500   -2.96848200   -4.02597000 
 H                  4.19294000   -2.82459700   -3.08874500 
 C                  2.92611500    4.42656500   -2.18067500 
 H                  2.00240100    3.44578600   -3.89361800 
 H                  3.64971700    2.91458500   -3.55665200 
 H                  3.93809800    4.93610200   -0.31835400 
 H                  4.83956000    3.83148100   -1.35629900 
 C                  7.24133300    0.13600300   -0.79964200 
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 H                  5.81933800    1.52484100    0.02853800 
 C                  7.22102500   -2.08956100    0.14583300 
 H                  5.75959300   -2.43702300    1.69357300 
 H                  4.36288300    0.42075700    5.30316200 
 H                  3.11714000   -5.01089500   -2.60335900 
 H                  1.60934800   -4.20514800   -2.16509700 
 H                  3.36469100    5.25020900   -2.75953100 
 H                  1.95547500    4.78433300   -1.80517400 
 H                  7.66378800    0.86653400   -1.48272800 
 C                  7.75567300   -1.16464200   -0.75885100 
 H                  7.62092800   -3.09770100    0.19440400 
 H                  8.56994500   -1.45126700   -1.41675300 
 
 Zero-point correction=                           1.001932 (Hartree/Particle) 
 Thermal correction to Energy=                    1.051224 
 Thermal correction to Enthalpy=                  1.052168 
 Thermal correction to Gibbs Free Energy=         0.913840 
 Sum of electronic and zero-point Energies=          -2674.574770 
 Sum of electronic and thermal Energies=             -2674.525479 
 Sum of electronic and thermal Enthalpies=           -2674.524535 
 Sum of electronic and thermal Free Energies=        -2674.662863 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 Pd   = LANL2DZ 
 
4a 
 
 SCF Energy = -1274.38102931 
 
 H                 -4.85074800   -2.01219400   -3.10336000 
 H                 -2.74874700   -3.28937500   -2.71451800 
 H                  4.46597000   -2.70571200   -1.70698900 
 C                 -4.21376800   -1.77035500   -2.25827300 
 C                 -3.03005400   -2.48624100   -2.04047800 
 H                  5.82175900   -2.38277300   -0.62577500 
 H                  5.24900500   -0.37028200   -2.03663000 
 C                  4.77454000   -2.12104800   -0.82696400 
 H                  2.79797800   -0.70091200   -2.27637400 
 H                 -5.48616700   -0.18175700   -1.53787800 
 H                  2.00851800   -2.66485500   -0.70126700 
 H                  3.94392800   -3.58616100    0.55736700 
 C                  4.65250400   -0.61941800   -1.14879100 
 C                 -4.57060900   -0.74314900   -1.37833200 
 C                 -2.20668400   -2.17443800   -0.95523100 
 C                  3.18354200   -0.20198900   -1.37445400 
 C                  3.88666600   -2.50520200    0.37209000 
 H                  3.13674300    0.87727100   -1.56706400 
 C                  2.41800200   -2.09143100    0.14443200 
 H                  5.07038100   -0.03507200   -0.31464900 
 C                 -3.74837900   -0.43523900   -0.28868200 
 C                 -2.55051300   -1.13996100   -0.06453400 
 H                  4.26706000   -2.01001500    1.27878400 
 C                  2.28550100   -0.57755400   -0.16606000 
 H                  1.81544900   -2.35076300    1.02319600 
 P                  0.48472800   -0.15557700   -0.55045400 
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 H                  1.06564000    1.92150200   -1.60527300 
 H                 -1.40790000    1.72003600   -1.72329100 
 H                 -0.45475300    3.98227100   -2.13070500 
 H                  2.64971100   -0.01547700    0.70721800 
 C                  0.50708100    1.74205700   -0.67104400 
 C                 -1.72171500   -0.83807000    1.14585900 
 C                 -0.93633700    2.26361200   -0.89538900 
 C                 -0.35596900   -0.43554400    1.09712400 
 C                 -0.95931700    3.78114500   -1.17314200 
 H                 -1.99699600    4.12231200   -1.28763300 
 H                  1.78280200    4.26854900   -0.72177500 
 H                 -3.39508200   -1.28165400    2.42348000 
 H                 -1.53644100    2.05352400    0.00182100 
 H                  2.23750800    2.20934500    0.58529200 
 C                 -2.35522000   -0.97098200    2.39937600 
 C                  1.19867800    2.53977100    0.45751600 
 C                  1.17718500    4.05894600    0.17346000 
 C                  0.31246600   -0.21913900    2.32122500 
 C                 -0.25751500    4.57287900   -0.05296100 
 H                 -0.24471900    5.64434200   -0.29300400 
 H                  1.35339200    0.08299200    2.31433000 
 H                  0.68281900    2.34536600    1.40787500 
 C                 -1.67160500   -0.74387800    3.59435900 
 H                  1.64870800    4.59923900    1.00557100 
 H                 -0.83058800    4.46415200    0.88054000 
 C                 -0.32476600   -0.37356800    3.55529700 
 H                 -2.18248700   -0.86535400    4.54444800 
 H                  0.22554500   -0.20045600    4.47511000 
 H                 -1.29449200   -2.73656000   -0.79088700 
 H                 -4.02699900    0.36492200    0.39043000 
 
 Zero-point correction=                           0.499391 (Hartree/Particle) 
 Thermal correction to Energy=                    0.522172 
 Thermal correction to Enthalpy=                  0.523116 
 Thermal correction to Gibbs Free Energy=         0.445915 
 Sum of electronic and zero-point Energies=          -1273.881639 
 Sum of electronic and thermal Energies=             -1273.858858 
 Sum of electronic and thermal Enthalpies=           -1273.857913 
 Sum of electronic and thermal Free Energies=        -1273.935114 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 
4a 
 
 SCF Energy = -1274.64468918 
 
 H                  4.78396300   -1.01854900   -3.56866300 
 H                  5.33828800    0.86490200   -2.03876400 
 C                  4.22000800   -0.87522500   -2.65075600 
 C                  4.53159600    0.17938200   -1.79198900 
 H                  2.93441900   -2.57573300   -2.98005500 
 C                  3.17979600   -1.74665600   -2.32146100 
 C                  3.80743400    0.35946300   -0.61284900 
 C                  2.45363500   -1.56176400   -1.14601000 
 C                  2.75273500   -0.50287000   -0.27484000 
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 P                 -0.44690100    0.03920200   -0.39699800 
 C                  2.02996600   -0.32290400    1.02039500 
 C                  0.63048600   -0.13323500    1.12662900 
 H                  3.87991400   -0.49239800    2.10370600 
 C                  2.80754700   -0.34198300    2.19419500 
 C                  0.07428500    0.00388000    2.41190100 
 H                 -0.99856900    0.14725100    2.51451500 
 C                  2.23431600   -0.20160700    3.45383900 
 C                  0.85358900   -0.03380000    3.56541900 
 H                  2.85997600   -0.23110000    4.34209800 
 H                  0.38737000    0.07064800    4.54184100 
 C                 -1.88178000   -1.15194900    0.00141500 
 C                 -2.70955000   -1.41452200   -1.27950200 
 C                 -1.38386000   -2.50203100    0.56108400 
 H                 -2.53843600   -0.68785500    0.75484000 
 C                 -3.87931000   -2.37942500   -1.02214300 
 H                 -2.04485700   -1.84609600   -2.04182000 
 H                 -3.08902100   -0.47913400   -1.70365800 
 C                 -2.54297400   -3.47819500    0.82307800 
 H                 -0.69094300   -2.95616200   -0.16420600 
 H                 -0.81402400   -2.35222100    1.48273400 
 C                 -3.39249000   -3.71044200   -0.43361900 
 H                 -4.42925400   -2.55321300   -1.95630000 
 H                 -4.59014500   -1.91132300   -0.32469300 
 H                 -2.14660400   -4.43100400    1.19781000 
 H                 -3.18078100   -3.07110200    1.62199600 
 H                 -4.24448800   -4.36377600   -0.20527200 
 H                 -2.78691900   -4.23681500   -1.18640300 
 C                 -1.18791800    1.74360500    0.00386800 
 C                 -0.07495800    2.81044000   -0.09372000 
 C                 -2.36401600    2.11675200   -0.92094500 
 H                 -1.56178200    1.73109300    1.03875400 
 C                 -0.60346400    4.22561600    0.19229300 
 H                  0.35602900    2.78430100   -1.10525900 
 H                  0.74001400    2.57126300    0.59883500 
 C                 -2.88650600    3.53854200   -0.64477300 
 H                 -2.03989000    2.04521900   -1.96974300 
 H                 -3.18913300    1.40666600   -0.79699200 
 C                 -1.77102000    4.58806000   -0.73474000 
 H                  0.21066300    4.95428900    0.08542400 
 H                 -0.93864500    4.28365800    1.23865800 
 H                 -3.69572900    3.77694200   -1.34734900 
 H                 -3.32904500    3.56863700    0.36210900 
 H                 -2.16308900    5.58319800   -0.48800900 
 H                 -1.40684100    4.64241100   -1.77143700 
 H                  1.65656300   -2.25313900   -0.89030900 
 H                  4.04922600    1.18632900    0.04996500 
 
 C, H, P = 6-31G(d,p) 
 
4b 
 
 SCF Energy = -1274.37660110 
 
 H                 -2.60594100   -0.12002200    4.39609800 
 H                 -0.14323700    0.09031500    4.09559300 
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 C                 -2.20200500    0.31460000    3.48724000 
 C                 -0.81792900    0.42826100    3.31497500 
 H                 -4.13751800    0.70083700    2.61105300 
 C                 -3.06195300    0.77510500    2.48316700 
 C                 -0.29592500    0.98729600    2.14275800 
 C                 -2.53916800    1.33606300    1.31311700 
 C                 -1.14758000    1.43618100    1.11724100 
 P                  0.62303100   -0.35530800   -1.33962500 
 C                 -0.61927500    2.09523500   -0.12194800 
 C                  0.12677800    1.44178500   -1.14562000 
 H                 -1.48624600    3.95360500    0.52619500 
 C                 -0.91425100    3.46805000   -0.25877900 
 C                  0.54759400    2.22097800   -2.24785600 
 H                  1.09890200    1.72892400   -3.04297700 
 C                 -0.47765100    4.21269800   -1.35661300 
 C                  0.26493800    3.58487000   -2.35818300 
 H                 -0.71677100    5.26938800   -1.42528200 
 H                  0.61147100    4.14364100   -3.22192300 
 C                 -0.88048400   -1.30939700   -0.69848900 
 C                 -2.09636400   -0.99288400   -1.60978100 
 C                 -0.61494100   -2.83767500   -0.67704900 
 H                 -1.11991200   -0.99699400    0.32484600 
 C                 -3.35103600   -1.79073400   -1.20054500 
 H                 -1.83647300   -1.23756700   -2.65121400 
 H                 -2.31592900    0.08117200   -1.58678400 
 C                 -1.87592300   -3.63533700   -0.27822400 
 H                 -0.27454500   -3.16676000   -1.67092000 
 H                  0.19005900   -3.07281300    0.02904300 
 C                 -3.07480400   -3.30566500   -1.18609800 
 H                 -4.17784400   -1.56040900   -1.88607900 
 H                 -3.67145800   -1.47018300   -0.19778000 
 H                 -1.65704500   -4.71126000   -0.30989000 
 H                 -2.13632500   -3.39658500    0.76412600 
 H                 -3.96610600   -3.85400300   -0.85313000 
 H                 -2.85879000   -3.64505900   -2.21075700 
 C                  1.95467600   -0.64027900   -0.00915200 
 C                  2.82143500   -1.86413600   -0.41722900 
 C                  2.88209400    0.59151200    0.16431900 
 H                  1.47145900   -0.85541600    0.95603000 
 C                  3.93766500   -2.14746700    0.60959600 
 H                  3.27453600   -1.66069200   -1.39880300 
 H                  2.20229500   -2.75892500   -0.54356600 
 C                  4.00771700    0.32399500    1.18668200 
 H                  3.33043200    0.84199500   -0.80955700 
 H                  2.30573400    1.47181600    0.46887300 
 C                  4.84072100   -0.91653300    0.81286200 
 H                  4.53559000   -3.00819100    0.28096700 
 H                  3.48326800   -2.42899500    1.57207600 
 H                  4.65478200    1.20808800    1.26437000 
 H                  3.56172800    0.17249800    2.18216600 
 H                  5.59375300   -1.11730200    1.58642200 
 H                  5.39096500   -0.71480300   -0.11887300 
 H                 -3.20890700    1.69268700    0.53677900 
 H                  0.77665400    1.09150900    2.02891400 
 
 Zero-point correction=                           0.499507 (Hartree/Particle) 
 Thermal correction to Energy=                    0.522239 
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 Thermal correction to Enthalpy=                  0.523183 
 Thermal correction to Gibbs Free Energy=         0.446666 
 Sum of electronic and zero-point Energies=          -1273.877094 
 Sum of electronic and thermal Energies=             -1273.854362 
 Sum of electronic and thermal Enthalpies=           -1273.853418 
 Sum of electronic and thermal Free Energies=        -1273.929935 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 
5a 
 
 SCF Energy = -1401.15665373 
 
 H                 -4.97071400   -1.82504100   -1.88169400 
 H                 -3.23565600   -3.31643400   -0.88232700 
 H                  4.01866500   -3.44165000   -0.70876700 
 C                 -4.28669200   -1.43369800   -1.13473300 
 C                 -3.27096500   -2.26517200   -0.61405000 
 H                  5.51430800   -3.04748600    0.13965800 
 H                  5.09247500   -1.48090900   -1.79363300 
 C                  4.50088900   -2.68294600   -0.07402200 
 H                  2.60583700   -1.44576300   -1.77984400 
 H                 -5.23372700    0.49836800   -1.03780400 
 H                  1.70953700   -2.68308800    0.37436400 
 Pd                -0.87451400   -1.37297000   -1.27889200 
 H                  3.61831600   -3.50249100    1.74315700 
 C                  4.56463600   -1.34833400   -0.83992000 
 C                 -4.43477300   -0.13195100   -0.66027800 
 C                 -2.37817800   -1.76063200    0.36381000 
 C                  3.15594900   -0.77523600   -1.10342400 
 C                  3.69983900   -2.53334000    1.23332500 
 H                  3.24567100    0.18941100   -1.61865900 
 C                  2.28938500   -1.96462700    0.97244200 
 H                  5.14969500   -0.62213900   -0.25479600 
 C                 -3.54024600    0.37917200    0.30245500 
 C                 -2.49629600   -0.40339300    0.80255000 
 H                  4.24330000   -1.86317800    1.91734200 
 C                  2.34372500   -0.61764700    0.20835400 
 H                  1.75524200   -1.83875400    1.92190100 
 P                  0.60515800   -0.00617200   -0.18309400 
 H                  1.38142300    1.51391200   -1.85951900 
 H                 -1.09013200    1.70286300   -1.82239800 
 H                  0.15273800    3.53366800   -2.95859400 
 H                  2.86537700    0.11675300    0.84006600 
 C                  0.88366100    1.72574500   -0.89924700 
 C                 -1.51582900    0.15192800    1.78872900 
 C                 -0.47778900    2.39041900   -1.22580400 
 C                 -0.12638400    0.33883500    1.51021700 
 C                 -0.29168000    3.72854100   -1.97052900 
 H                 -1.27098400    4.19080200   -2.15267400 
 H                  2.52348300    3.85109400   -1.78485100 
 H                 -3.07051100    0.36312600    3.25614700 
 H                 -1.02489000    2.57018400   -0.28875300 
 H                  2.76421400    2.25177400    0.09644500 
 C                 -2.01295600    0.50759200    3.05878100 
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 C                  1.78089100    2.69880400   -0.09917600 
 C                  1.96914000    4.03579800   -0.85197900 
 C                  0.69130500    0.84055000    2.54559800 
 C                  0.61717000    4.69431900   -1.18577900 
 H                  0.77578100    5.61852300   -1.75704300 
 H                  1.75049500    0.98511600    2.36750200 
 H                  1.31977900    2.90082500    0.87681100 
 C                 -1.18174400    1.01197400    4.06041900 
 H                  2.58597700    4.71577800   -0.24909500 
 H                  0.11545500    4.98308700   -0.24962700 
 C                  0.18197000    1.17071000    3.80478200 
 H                 -1.59435800    1.26853900    5.03108400 
 H                  0.84620200    1.55261700    4.57386400 
 H                 -1.74250900   -2.44199600    0.92418100 
 H                 -3.64040800    1.40723700    0.63787900 
 
 Zero-point correction=                           0.499752 (Hartree/Particle) 
 Thermal correction to Energy=                    0.524357 
 Thermal correction to Enthalpy=                  0.525301 
 Thermal correction to Gibbs Free Energy=         0.444181 
 Sum of electronic and zero-point Energies=          -1400.656901 
 Sum of electronic and thermal Energies=             -1400.632297 
 Sum of electronic and thermal Enthalpies=           -1400.631353 
 Sum of electronic and thermal Free Energies=        -1400.712473 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 Pd   = LANL2DZ 
 
5b 
 
 SCF Energy = -1401.14881101 
 
 H                 -4.93157300   -1.26499300   -2.74857600 
 H                 -2.89514700   -2.69688700   -2.78126400 
 C                 -4.24306100   -1.25414400   -1.90966500 
 C                 -3.09497300   -2.05362200   -1.92985600 
 H                 -5.39865700    0.16425300   -0.76239600 
 C                 -4.50419400   -0.45018300   -0.79368700 
 C                 -2.20593700   -2.03999100   -0.84841800 
 C                 -3.61630900   -0.43870400    0.28716900 
 C                 -2.44283500   -1.21838100    0.26848500 
 P                  0.70691200    0.27676700    0.23635300 
 C                 -1.54711200   -1.23765800    1.47305600 
 C                 -0.23885600   -0.67612100    1.54836200 
 H                 -3.08804300   -2.27993100    2.54917000 
 C                 -2.08837800   -1.86182900    2.61672200 
 C                  0.45866500   -0.79476500    2.77088100 
 H                  1.44721600   -0.34711300    2.83099800 
 C                 -1.37334300   -1.96870600    3.81080200 
 C                 -0.08542400   -1.43550700    3.88616300 
 H                 -1.82002400   -2.46180300    4.66857000 
 H                  0.48901500   -1.50482400    4.80446200 
 C                 -0.59311800    1.40730600   -0.52800800 
 C                 -1.12378900    2.38737300    0.55071300 
 C                 -0.04953500    2.19835300   -1.74442600 
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 H                 -1.42569900    0.78339200   -0.87431100 
 C                 -2.18133300    3.35356500   -0.02040300 
 H                 -0.27418400    2.96257000    0.94771200 
 H                 -1.54574000    1.82981200    1.39540100 
 C                 -1.10679300    3.17245500   -2.30870400 
 H                  0.84691600    2.75794500   -1.43855600 
 H                  0.25787400    1.51116900   -2.54064800 
 C                 -1.63658200    4.13526600   -1.23040400 
 H                 -2.50979100    4.04687500    0.76550400 
 H                 -3.06839100    2.77980300   -0.32903700 
 H                 -0.67442600    3.73674600   -3.14583500 
 H                 -1.94766800    2.59294400   -2.71950700 
 H                 -2.41718300    4.78375300   -1.64995400 
 H                 -0.82033700    4.79503700   -0.89908600 
 C                  1.12440900   -1.00877800   -1.09462300 
 C                  2.28082200   -0.51033100   -2.00263600 
 C                  1.52440000   -2.36886000   -0.46470800 
 H                  0.22695200   -1.15495900   -1.71406000 
 C                  2.64975300   -1.54741400   -3.08471500 
 H                  3.15369000   -0.30873600   -1.36463800 
 H                  2.02435400    0.44183800   -2.47748400 
 C                  1.89490000   -3.41221000   -1.54020400 
 H                  2.38815600   -2.20939200    0.19821700 
 H                  0.71864300   -2.75733200    0.16759600 
 C                  3.01902900   -2.90653500   -2.46278400 
 H                  3.48326600   -1.16629300   -3.68962500 
 H                  1.79848700   -1.67996200   -3.77048800 
 H                  2.19277100   -4.35116500   -1.05471500 
 H                  1.00461700   -3.64101900   -2.14712800 
 H                  3.22827500   -3.64418200   -3.24878300 
 H                  3.94407800   -2.79617200   -1.87698700 
 Pd                 2.50535900    1.36103100    1.03422000 
 H                 -3.82339800    0.18366700    1.15205000 
 H                 -1.33666800   -2.68747400   -0.86068400 
 
 Zero-point correction=                           0.500750 (Hartree/Particle) 
 Thermal correction to Energy=                    0.525494 
 Thermal correction to Enthalpy=                  0.526438 
 Thermal correction to Gibbs Free Energy=         0.444361 
 Sum of electronic and zero-point Energies=          -1400.648061 
 Sum of electronic and thermal Energies=             -1400.623317 
 Sum of electronic and thermal Enthalpies=           -1400.622373 
 Sum of electronic and thermal Free Energies=        -1400.704450 
 
 C, H = 6-31G 
 P    = 6-31G(d) 
 Pd   = LANL2DZ 
 
6 
 
 SCF Energy = -1715.90139500 
 
 C                 -1.64416800   -0.07789500    0.86416600 
 C                 -1.45087200   -0.55169300    2.16657900 
 C                 -1.85533600    0.25330600    3.26888400 
 C                 -2.44021700    1.48109000    3.08767900 
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 C                 -2.67132500    1.98901000    1.78635100 
 C                 -1.16561000   -0.85900800   -0.32816100 
 C                  0.18661700   -0.86608900   -0.68011000 
 C                  0.59119600   -1.59294800   -1.83621500 
 C                 -0.30614500   -2.28270700   -2.61409100 
 C                 -1.68481600   -2.29095600   -2.29020300 
 H                 -1.70428600   -0.11912000    4.27573300 
 H                  1.63740900   -1.60287000   -2.12035200 
 H                  0.03241000   -2.82617900   -3.49279300 
 P                  1.39945200    0.09433900    0.37052700 
 C                 -0.06469400   -1.94062800    3.63341300 
 H                  0.55234600   -1.05451700    3.79597800 
 H                 -0.69573200   -2.10585300    4.52597000 
 H                  0.60034700   -2.80616400    3.54284800 
 H                 -2.74282000    2.07458600    3.94674800 
 C                  3.05048800   -0.72769300   -0.05012400 
 C                  4.21709500    0.05781800    0.58909400 
 C                  3.06063100   -2.18406300    0.46624600 
 H                  3.21779900   -0.74040400   -1.13616100 
 C                  5.57280600   -0.62715700    0.34791700 
 H                  4.04117600    0.14622100    1.67039200 
 H                  4.25354700    1.07896000    0.19655000 
 C                  4.41291200   -2.87206500    0.21901000 
 H                  2.85010200   -2.17622300    1.54484900 
 H                  2.25679500   -2.76365100    0.00104200 
 C                  5.57255100   -2.08086300    0.83890100 
 H                  6.36918300   -0.05723300    0.84210500 
 H                  5.79934000   -0.60864000   -0.72775200 
 H                  4.38989900   -3.89271500    0.62038500 
 H                  4.57781100   -2.96804200   -0.86385300 
 H                  6.53101900   -2.56199400    0.60930400 
 H                  5.47162400   -2.09194000    1.93363800 
 C                  1.39452300    1.73602300   -0.59625500 
 C                  1.89339600    2.90715600    0.27766200 
 C                  2.06547800    1.75350600   -1.98236300 
 H                  0.31871400    1.89921600   -0.75047300 
 C                  1.69450900    4.25782100   -0.42962000 
 H                  2.95937200    2.77913400    0.50893300 
 H                  1.36601200    2.90251800    1.23789400 
 C                  1.86847400    3.11030300   -2.68292700 
 H                  3.14257000    1.56411500   -1.87809500 
 H                  1.66324900    0.95092200   -2.61091800 
 C                  2.36024500    4.27617000   -1.81326200 
 H                  2.08919200    5.06942300    0.19411800 
 H                  0.61762900    4.44587400   -0.54326700 
 H                  2.38670000    3.11054700   -3.65009200 
 H                  0.80016500    3.24863100   -2.90124800 
 H                  2.16962900    5.23207200   -2.31628400 
 H                  3.45067800    4.20104100   -1.69145700 
 N                 -0.81431400   -1.80236000    2.39398400 
 C                 -1.59470800   -3.00026400    2.09214300 
 H                 -2.35168800   -3.21410300    2.86809900 
 H                 -2.10518900   -2.89946300    1.13603800 
 H                 -0.92325700   -3.86329800    2.02931600 
 C                 -2.27215400    1.19668600    0.65907700 
 C                 -2.49369300    1.74083300   -0.64070400 
 C                 -3.27364500    3.25834800    1.57733200 
 129
 C                 -3.07484700    2.97789800   -0.80964000 
 H                 -2.19966300    1.16386700   -1.50977900 
 C                 -3.47467300    3.74826300    0.30812500 
 H                 -3.57064500    3.83900300    2.44714200 
 H                 -3.23210400    3.36458000   -1.81253400 
 H                 -3.93576400    4.72026200    0.16036900 
 C                 -2.12433000   -1.56715100   -1.13402800 
 C                 -3.51534900   -1.59048800   -0.82349200 
 C                 -4.41042800   -2.28445400   -1.60644300 
 H                 -3.86659300   -1.04867400    0.04744000 
 C                 -2.63416700   -2.99383100   -3.07977600 
 C                 -3.96906500   -2.99317400   -2.74916000 
 H                 -5.46510400   -2.28596600   -1.34693200 
 H                 -2.28199900   -3.53534600   -3.95407400 
 H                 -4.68552100   -3.53377100   -3.36063500 
 
 Zero-point correction=                           0.660973 (Hartree/Particle) 
 Thermal correction to Energy=                    0.693639 
 Thermal correction to Enthalpy=                  0.694583 
 Thermal correction to Gibbs Free Energy=         0.596601 
 Sum of electronic and zero-point Energies=          -1715.240049 
 Sum of electronic and thermal Energies=             -1715.207383 
 Sum of electronic and thermal Enthalpies=           -1715.206439 
 Sum of electronic and thermal Free Energies=        -1715.304421 
 
 C, H, N, P = 6-31G(d,p) 
 
6a 
 
 SCF Energy = -2291.94918219 
 
 C                 -1.59012700   -1.48014700   -0.70439100 
 C                 -0.63318900   -1.99795300   -1.59153300 
 C                 -0.05455600   -3.27091400   -1.30176000 
 C                 -0.39949800   -3.99079700   -0.18702800 
 C                 -1.35946400   -3.49977500    0.72839500 
 C                 -2.32987900   -0.19921100   -0.96687600 
 C                 -1.85245700    1.06142100   -0.60851500 
 C                 -2.66408900    2.20933000   -0.87639100 
 C                 -3.89621000    2.11604100   -1.46716900 
 C                 -4.42882800    0.85207600   -1.82182100 
 H                  0.66640500   -3.69180000   -1.99228400 
 H                 -2.30870800    3.19085400   -0.58698900 
 H                 -4.48418600    3.01162100   -1.65363700 
 P                 -0.27010900    1.36269700    0.34081700 
 Pd                 1.71691300   -0.15416600    0.24713800 
 C                  1.07663500   -1.68232600   -3.32430100 
 H                  1.81717000   -1.83647100   -2.53782400 
 H                  1.01882100   -2.60226400   -3.93510800 
 H                  1.42723100   -0.87421200   -3.97502500 
 H                  0.05922900   -4.95935000   -0.00250300 
 C                  0.28343300    3.07303500   -0.27170300 
 C                  1.68644000    3.45283200    0.26432000 
 C                  0.28855400    3.18459100   -1.81629300 
 H                 -0.43213300    3.80672100    0.12985400 
 C                  2.08585600    4.87064200   -0.18205100 
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 H                  2.41851000    2.73272700   -0.11988000 
 H                  1.72807000    3.38838200    1.35372200 
 C                  0.68387500    4.60117000   -2.26857000 
 H                  1.00313700    2.46062500   -2.22296900 
 H                 -0.68886700    2.92953800   -2.23445800 
 C                  2.05065900    5.01819900   -1.70882600 
 H                  3.08676600    5.10495400    0.20248400 
 H                  1.39877900    5.60070500    0.27205300 
 H                  0.69126400    4.64497800   -3.36524600 
 H                 -0.08128800    5.31799600   -1.93301000 
 H                  2.28474500    6.05063100   -1.99888500 
 H                  2.83010200    4.38137700   -2.15125800 
 C                 -0.92115100    1.58507100    2.11208300 
 C                  0.13673600    2.17172800    3.07277800 
 C                 -2.25445800    2.33917300    2.28981100 
 H                 -1.08152000    0.53903300    2.40732300 
 C                 -0.33523000    2.06962900    4.53323500 
 H                  0.29687700    3.23205800    2.83409500 
 H                  1.09260100    1.65301400    2.95603200 
 C                 -2.73333800    2.26231500    3.75266700 
 H                 -2.12939500    3.39489800    2.00550400 
 H                 -3.03077900    1.92716000    1.63961800 
 C                 -1.67863600    2.78234300    4.73818500 
 H                  0.42883600    2.49624700    5.19573800 
 H                 -0.42960000    1.00897900    4.80386200 
 H                 -3.67047100    2.82407200    3.86050900 
 H                 -2.96630100    1.21437000    3.99112300 
 H                 -2.02839900    2.65498600    5.77076000 
 H                 -1.54196200    3.86366300    4.58515600 
 C                  3.47024700   -1.14885500    0.03046300 
 C                  4.07375000   -2.15646500    0.79711700 
 C                  4.20398100   -0.72342200   -1.09288500 
 C                  5.31932700   -2.67883400    0.44365600 
 H                  3.56378600   -2.52758100    1.67883200 
 C                  5.45914400   -1.22557800   -1.47179700 
 C                  6.01831300   -2.21823300   -0.68566800 
 H                  5.76003700   -3.45992500    1.05881700 
 H                  5.95254300   -0.83502300   -2.35490900 
 H                  6.98736100   -2.63597700   -0.94093300 
 Br                 1.24292600   -1.24665800    2.41602600 
 N                 -0.20334800   -1.28804300   -2.74877700 
 C                 -1.17586100   -1.04871200   -3.81529400 
 H                 -1.39093300   -1.96638600   -4.39271800 
 H                 -2.11278200   -0.66417900   -3.42288300 
 H                 -0.76587500   -0.30333000   -4.50562900 
 C                 -1.96832200   -2.23172100    0.46093200 
 C                 -2.94101900   -1.76092700    1.39158400 
 C                 -1.72997000   -4.23374200    1.88547400 
 C                 -3.27783000   -2.49379200    2.50853800 
 H                 -3.42702300   -0.80756800    1.21569100 
 C                 -2.66947700   -3.74569200    2.76392800 
 H                 -1.24970600   -5.19281500    2.06545200 
 H                 -4.02308600   -2.10754400    3.19922200 
 H                 -2.94545300   -4.31406400    3.64777700 
 N                  3.60501300    0.29144900   -1.90575900 
 O                  2.45120200    0.71053100   -1.55484200 
 O                  4.15248900    0.74141200   -2.90067200 
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 C                 -3.64568200   -0.31721200   -1.56206600 
 C                 -4.20703100   -1.57858900   -1.91613100 
 C                 -5.45668300   -1.67099900   -2.48924500 
 H                 -3.63538400   -2.47987200   -1.72906300 
 C                 -5.71326500    0.72704900   -2.41467700 
 C                 -6.22152900   -0.50861600   -2.74313900 
 H                 -5.85893600   -2.64695800   -2.74679100 
 H                 -6.28837200    1.63062600   -2.60272500 
 H                 -7.20605300   -0.59488000   -3.19473700 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
6b 
 
 SCF Energy = -2291.95088656 
 
 C                 -1.33005000   -1.51564600   -0.87914500 
 C                 -0.53880800   -1.54394900   -2.04265600 
 C                  0.40374900   -2.60862700   -2.19341200 
 C                  0.53940100   -3.60287400   -1.25869300 
 C                 -0.26150900   -3.62148500   -0.09134200 
 C                 -2.38404600   -0.46972000   -0.64657100 
 C                 -2.12140400    0.78912200   -0.10074200 
 C                 -3.21279200    1.69416500    0.09116400 
 C                 -4.50557000    1.36695100   -0.22429500 
 C                 -4.81704200    0.08887100   -0.74726000 
 H                  1.01341700   -2.64588600   -3.08766900 
 H                 -3.02755800    2.67161900    0.51699600 
 H                 -5.30666000    2.08395100   -0.06098800 
 P                 -0.44955500    1.32535900    0.56110200 
 Pd                 1.71120400    0.27038000   -0.14573500 
 C                  0.50772500   -0.42979300   -3.96336400 
 H                  1.44768900   -0.42733000   -3.41129100 
 H                  0.53114500   -1.22129500   -4.73520300 
 H                  0.42981600    0.53424300   -4.47460400 
 H                  1.25571500   -4.40535500   -1.42122500 
 C                 -0.53567900    3.21329100    0.49947700 
 C                  0.75655500    3.88002900    1.02882400 
 C                 -0.85298700    3.74676500   -0.91838600 
 H                 -1.35002700    3.51100500    1.17615800 
 C                  0.62737800    5.41416500    1.02556500 
 H                  1.60047400    3.58061900    0.39835600 
 H                  0.98228200    3.54385500    2.04451600 
 C                 -0.98544500    5.27947700   -0.91560200 
 H                 -0.04325200    3.45188400   -1.59444300 
 H                 -1.77124600    3.30013000   -1.31223700 
 C                  0.27783500    5.95626200   -0.36663800 
 H                  1.56563700    5.85663600    1.38386000 
 H                 -0.15355900    5.71656500    1.74033300 
 H                 -1.19376900    5.62869300   -1.93503700 
 H                 -1.85159000    5.57284700   -0.30200100 
 H                  0.14340900    7.04513500   -0.32934100 
 H                  1.11650700    5.76287900   -1.05004900 
 C                 -0.64157000    0.82148000    2.38516900 
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 C                  0.60787200    1.09629700    3.25265400 
 C                 -1.89748500    1.32655400    3.12388900 
 H                 -0.72695300   -0.26977200    2.28737400 
 C                  0.48803500    0.38030400    4.60933900 
 H                  0.69946200    2.17364200    3.43774800 
 H                  1.52028800    0.78151000    2.73701100 
 C                 -2.03163100    0.64131100    4.49756100 
 H                 -1.82906200    2.41478100    3.26854600 
 H                 -2.80232300    1.13963600    2.53831900 
 C                 -0.77551300    0.82269000    5.36159700 
 H                  1.38097800    0.58436200    5.21423600 
 H                  0.46197900   -0.70543000    4.44133100 
 H                 -2.91443200    1.03282700    5.01967600 
 H                 -2.21112000   -0.43210800    4.33986000 
 H                 -0.87762800    0.26431200    6.30094600 
 H                 -0.67706100    1.88333600    5.63757900 
 C                  3.45172600   -0.73558200   -0.40363600 
 C                  4.51766900   -0.54661100   -1.29416200 
 C                  3.58746200   -1.81975600    0.48164800 
 C                  5.62436300   -1.39862600   -1.28133200 
 H                  4.48130800    0.27692200   -1.99874000 
 C                  4.68771500   -2.68843100    0.52349200 
 C                  5.71710300   -2.46953000   -0.37719400 
 H                  6.43408600   -1.22580700   -1.98651600 
 H                  4.70835200   -3.49686400    1.24590900 
 H                  6.58725500   -3.11888000   -0.38025600 
 Br                 2.34269400    1.97911500   -1.83528000 
 N                 -0.62330200   -0.55332700   -3.05015800 
 C                 -1.88242700   -0.39055700   -3.77548400 
 H                 -2.03254200   -1.18942200   -4.52442100 
 H                 -2.73631800   -0.38793100   -3.10483600 
 H                 -1.86311900    0.56857500   -4.30384900 
 C                 -1.21201600   -2.56542100    0.09622500 
 C                 -2.01390800   -2.60857000    1.27544300 
 C                 -0.14420600   -4.65109200    0.87924900 
 C                 -1.87693000   -3.62140500    2.20005600 
 H                 -2.75198300   -1.83230200    1.44414200 
 C                 -0.93334300   -4.65707800    2.00624700 
 H                  0.58683800   -5.43901500    0.71269600 
 H                 -2.50559300   -3.62618500    3.08682900 
 H                 -0.83508800   -5.44886100    2.74344000 
 N                  2.51588200   -2.03458300    1.41021900 
 O                  1.51676000   -1.24639700    1.33474300 
 O                  2.54599700   -2.92426000    2.24440300 
 C                 -3.74960400   -0.84103000   -0.95642100 
 C                 -4.08710400   -2.12284700   -1.48164900 
 C                 -5.39142700   -2.45683800   -1.77336700 
 H                 -3.29870200   -2.84579800   -1.65377200 
 C                 -6.15254700   -0.28211100   -1.05788400 
 C                 -6.43909100   -1.53042600   -1.55975900 
 H                 -5.61748200   -3.44267000   -2.17045600 
 H                 -6.94504100    0.44312700   -0.88915500 
 H                 -7.46371500   -1.80683000   -1.79291500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
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 SCF Energy = -1785.74078506 
 
 H                 -3.37803700   -0.01722900    2.74815900 
 H                  3.60064900    0.17266000    4.59225500 
 C                 -3.90276600   -0.78581500    0.81499900 
 C                 -3.09786800   -0.06586800    1.69946000 
 C                 -0.73504200    0.48552800    3.52495600 
 H                  5.34431500    0.25565100    4.36859400 
 H                  4.45290400   -2.06573400    3.95678900 
 H                 -0.08203600    1.04064900    4.20832800 
 C                  4.39672400    0.10516700    3.83719200 
 H                  2.21154200   -1.50436000    3.06156500 
 H                 -4.13281300   -1.37534100   -1.22406800 
 H                  2.03673000    1.07797200    2.65475600 
 H                  4.16492900    2.19140700    3.26815000 
 C                  4.36155600   -1.28584600    3.19078300 
 C                 -3.51424100   -0.82232200   -0.52346200 
 C                 -1.94052000    0.59970000    1.28550400 
 C                  3.07258900   -1.50311100    2.37947600 
 C                  4.18989300    1.20545800    2.78786600 
 H                  3.10129900   -2.49513800    1.91460700 
 C                  2.89884700    0.98622600    1.98087700 
 H                  5.23085000   -1.39901900    2.52724200 
 C                 -2.36609200   -0.17251400   -0.99653600 
 C                 -1.55595000    0.54765600   -0.07799000 
 H                  5.04869600    1.21557900    2.10124500 
 C                  2.87201700   -0.40333600    1.31034800 
 H                  2.78980500    1.77549200    1.23067100 
 P                  1.22618400   -0.72648400    0.41385300 
 H                  1.71486000   -3.01844100    0.25576400 
 H                 -0.52365100   -2.65996600   -0.76435700 
 C                 -2.44624800   -1.58178000   -3.14979500 
 H                  0.53902200   -4.87944900   -1.06275600 
 H                  3.72478000   -0.45801900    0.62432600 
 C                  1.61299100   -2.30617100   -0.57815700 
 H                 -2.01535400   -1.64314900   -4.15489600 
 C                 -0.37296000    1.34163000   -0.59870300 
 C                  0.37664500   -2.74692400   -1.38159400 
 C                  0.93997200    0.78404100   -0.68625200 
 C                  0.52067700   -4.18271700   -1.91295700 
 H                 -0.35828500   -4.44955900   -2.51280700 
 H                  3.19089200   -4.56828400   -1.09500300 
 H                  0.24586800   -2.06189000   -2.22857100 
 H                  3.77594900   -2.16649000   -0.88751200 
 C                 -0.61933800    2.66052200   -1.04614700 
 C                  2.87743400   -2.45373600   -1.44572500 
 C                  3.03678300   -3.89914500   -1.95350200 
 C                  1.93805700    1.51774500   -1.37116300 
 C                  1.80149400   -4.35848900   -2.74010400 
 H                  1.91473000   -5.40339400   -3.05344000 
 H                  2.80856700   -1.78415200   -2.31216100 
 C                  0.41192000    3.40508600   -1.65596000 
 H                  3.93710500   -3.97843600   -2.57532000 
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 H                  1.72153100   -3.76361000   -3.66127200 
 C                  1.66839100    2.81392200   -1.86306400 
 C                 -1.14617800    1.37571000    2.33637400 
 C                 -2.06236300   -0.23712300   -2.49978500 
 C                 -5.15674300   -1.51159200    1.28439200 
 H                 -0.22912600    1.73667500    1.86186700 
 H                 -0.98324300   -0.10202400   -2.62480800 
 H                 -1.60574200    0.15879300    4.10396200 
 H                 -0.20228100   -0.40384300    3.17976900 
 C                 -1.92228900    2.60757700    2.84570200 
 H                 -1.31953400    3.16867700    3.56888000 
 H                 -2.84955100    2.30906100    3.34741900 
 H                 -2.19084300    3.28596000    2.03185900 
 H                 -2.09308700   -2.44023300   -2.57465300 
 H                 -3.53135400   -1.68021100   -3.26382900 
 C                 -2.75933900    0.89578200   -3.28240900 
 H                 -2.40458300    1.88024500   -2.97846600 
 H                 -3.84394100    0.86095000   -3.12958400 
 H                 -2.56816400    0.78823200   -4.35629000 
 H                 -5.61389700   -1.96886500    0.39667400 
 C                 -4.82288100   -2.64928500    2.26796900 
 C                 -6.19236300   -0.54590600    1.88921900 
 H                 -6.45768800    0.24456600    1.18040400 
 H                 -5.80703000   -0.06550900    2.79516000 
 H                 -7.10829000   -1.08145500    2.16251300 
 H                 -4.11704800   -3.35916700    1.82595200 
 H                 -5.72845500   -3.19797600    2.55007700 
 H                 -4.37009500   -2.25926400    3.18611800 
 C                  3.32756900    0.97749900   -1.62017600 
 H                  3.57053400    1.00987500   -2.68847200 
 H                  4.09458700    1.57483700   -1.11101100 
 H                  3.43673900   -0.04924500   -1.29819500 
 C                  2.76532500    3.56041200   -2.59613900 
 H                  3.64582100    3.71566700   -1.96076700 
 H                  3.11165900    2.99892700   -3.47161200 
 H                  2.44297100    4.53805000   -2.95002500 
 C                  0.17184800    4.83513100   -2.10386300 
 H                  0.93812100    5.51026300   -1.70912800 
 H                  0.19914800    4.92607300   -3.19677000 
 H                 -0.79144800    5.21946400   -1.77435500 
 C                 -1.97582700    3.31504200   -0.84141000 
 H                 -1.90078000    4.15346800   -0.13848200 
 H                 -2.38382000    3.72198200   -1.77214900 
 H                 -2.70753000    2.61660100   -0.44147000 
 
 Zero-point correction=                           0.860148 (Hartree/Particle) 
 Thermal correction to Energy=                    0.902384 
 Thermal correction to Enthalpy=                  0.903328 
 Thermal correction to Gibbs Free Energy=         0.786069 
 Sum of electronic and zero-point Energies=          -1784.881008 
 Sum of electronic and thermal Energies=             -1784.838771 
 Sum of electronic and thermal Enthalpies=           -1784.837827 
 Sum of electronic and thermal Free Energies=        -1784.955087 
 
 C, H, P = 6-31G(d,p) 
 
 135
8 
 
 SCF Energy = -1857.53171631 
 
 H                 -3.45515100   -2.15505500   -1.62053200 
 C                 -3.85442200   -0.05850000   -1.40085100 
 C                 -3.14831900   -1.23315800   -1.13485000 
 H                 -3.99986500    2.01869800   -0.92464600 
 C                 -3.44834400    1.10070800   -0.74190600 
 C                 -2.06157800   -1.26801400   -0.25734000 
 C                 -2.36996200    1.12287400    0.15181600 
 C                 -1.64744500   -0.07464800    0.38129100 
 P                  1.31606400   -0.03745500   -0.77461800 
 C                 -0.51716200   -0.09510000    1.38671500 
 C                  0.85124100    0.05849400    1.04860900 
 C                 -0.88376700   -0.27934600    2.74467100 
 C                  1.80032200    0.10816000    2.10433300 
 C                  0.07114800   -0.23855800    3.75403500 
 C                  1.41227200   -0.03144400    3.43408800 
 H                 -0.20620800   -0.36729000    4.79291900 
 H                  2.14047700    0.00509300    4.23472100 
 C                  2.07029500    1.62592700   -1.29891600 
 C                  0.97908200    2.71083100   -1.34027000 
 C                  3.33840600    2.17286300   -0.61837400 
 H                  2.32989200    1.40232500   -2.34622900 
 C                  1.47161000    3.99749000   -2.02368800 
 H                  0.67352800    2.94474900   -0.31235100 
 H                  0.09024300    2.32673300   -1.85252900 
 C                  3.83995900    3.44836400   -1.32000800 
 H                  3.11873500    2.39868500    0.43083600 
 H                  4.13265700    1.41989000   -0.61201800 
 C                  2.75369500    4.53127300   -1.37051000 
 H                  0.68335700    4.75999500   -1.99707000 
 H                  1.66674300    3.78809900   -3.08520600 
 H                  4.73303100    3.82859000   -0.80805600 
 H                  4.15182000    3.20096000   -2.34511700 
 H                  3.11754200    5.41500100   -1.90882300 
 H                  2.52662300    4.86080000   -0.34646100 
 C                  2.83820500   -1.17271800   -0.81730900 
 C                  2.59104500   -2.51499300   -0.10169700 
 C                  3.22367800   -1.42958100   -2.29149800 
 H                  3.67817500   -0.67996500   -0.32017900 
 C                  3.81010300   -3.44669200   -0.20934100 
 H                  1.72176600   -3.01373400   -0.55006300 
 H                  2.34753500   -2.34613500    0.95189000 
 C                  4.44124000   -2.36261800   -2.40711100 
 H                  2.36955300   -1.87829800   -2.81768700 
 H                  3.44231600   -0.48639500   -2.80532600 
 C                  4.21187400   -3.68929500   -1.67063800 
 H                  3.59613800   -4.39991700    0.29000800 
 H                  4.65673100   -2.99643900    0.32877000 
 H                  4.67011000   -2.54699100   -3.46401500 
 H                  5.32149200   -1.86049700   -1.98085900 
 H                  5.11085600   -4.31569500   -1.72236100 
 H                  3.41164300   -4.24841400   -2.17607100 
 C                 -5.03312700   -0.03630200   -2.36506300 
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 H                 -5.40472600    0.99676200   -2.39352400 
 C                 -4.61003000   -0.41334400   -3.79703100 
 H                 -5.45827800   -0.33558400   -4.48640100 
 H                 -3.81350200    0.24360900   -4.15954300 
 H                 -4.23761900   -1.44253000   -3.84232000 
 C                 -6.19097900   -0.92798400   -1.87898600 
 H                 -6.51917800   -0.63787700   -0.87606000 
 H                 -7.05012000   -0.85239200   -2.55496000 
 H                 -5.89166300   -1.98103100   -1.83933100 
 C                 -1.39394700   -2.61292700    0.02245100 
 H                 -0.45874100   -2.41721400    0.55395100 
 C                 -1.03650200   -3.38162900   -1.26227600 
 H                 -0.46464900   -4.28420400   -1.01851000 
 H                 -1.93004500   -3.70557100   -1.80666200 
 H                 -0.43598600   -2.76361700   -1.93582300 
 C                 -2.27426700   -3.47568400    0.94942300 
 H                 -1.76319100   -4.40922900    1.21223100 
 H                 -2.51329400   -2.93844100    1.87097600 
 H                 -3.21923500   -3.73744700    0.45975400 
 C                 -2.06930500    2.42867600    0.89360000 
 H                 -1.04187500    2.37217400    1.26805100 
 C                 -3.00027800    2.59594200    2.11403700 
 H                 -2.74072100    3.50056800    2.67640900 
 H                 -4.04231200    2.69155300    1.78773100 
 H                 -2.93949300    1.73660000    2.78251400 
 C                 -2.17487600    3.68499100    0.00791800 
 H                 -1.78420900    4.55522100    0.54668600 
 H                 -1.61553100    3.58222000   -0.92419300 
 H                 -3.21496400    3.91160700   -0.24951800 
 O                  3.11208600    0.28659100    1.74733100 
 C                  4.09874700    0.33022400    2.76315400 
 H                  5.05007400    0.47916900    2.25011800 
 H                  3.93133800    1.16347500    3.45785200 
 H                  4.13945200   -0.60711100    3.33292100 
 O                 -2.21743900   -0.51152200    2.98474900 
 C                 -2.62824200   -0.74332200    4.32198700 
 H                 -3.70249000   -0.92756700    4.27656800 
 H                 -2.12919500   -1.62032200    4.75422700 
 H                 -2.43995800    0.12790700    4.96317400 
 
 Zero-point correction=                           0.813459 (Hartree/Particle) 
 Thermal correction to Energy=                    0.854742 
 Thermal correction to Enthalpy=                  0.855686 
 Thermal correction to Gibbs Free Energy=         0.739808 
 Sum of electronic and zero-point Energies=          -1856.718489 
 Sum of electronic and thermal Energies=             -1856.677206 
 Sum of electronic and thermal Enthalpies=           -1856.676262 
 Sum of electronic and thermal Free Energies=        -1856.792140 
 
 C, H, O, P = 6-31G(d,p) 
 
9 
 
 SCF Energy = -1732.73374860 
 
 H                 -2.33942500   -3.01568600   -3.05575600 
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 C                 -3.36041700   -1.12921100   -2.96688800 
 C                 -2.49007700   -2.10547800   -2.48961200 
 H                 -4.27112500    0.78972400   -2.64838500 
 C                 -3.58442800    0.04882600   -2.25966300 
 C                 -1.82468500   -1.89038100   -1.27606300 
 C                 -2.91300000    0.25043100   -1.04665400 
 C                 -2.00643000   -0.70103600   -0.54840900 
 P                  0.96793700    0.10304600   -0.70132400 
 C                 -1.33637500   -0.49821400    0.77635900 
 C                  0.01800300   -0.12552600    0.90007400 
 C                 -2.12942700   -0.71500800    1.92837600 
 C                  0.55483200    0.00675300    2.20727300 
 C                 -1.57951100   -0.56524000    3.19564500 
 C                 -0.23668200   -0.20781200    3.33245900 
 H                 -2.17243700   -0.72845400    4.08734000 
 H                  0.17395000   -0.10276600    4.32908200 
 C                  1.26089700    1.97383500   -0.83793100 
 C                 -0.03669600    2.66022300   -1.31619500 
 C                  1.86852000    2.74014100    0.35063500 
 H                  1.97815700    2.02651000   -1.67254300 
 C                  0.18742700    4.14554000   -1.64470100 
 H                 -0.80043000    2.57038700   -0.53333600 
 H                 -0.43287200    2.13604400   -2.19329500 
 C                  2.09976700    4.22319600    0.00900000 
 H                  1.18734700    2.67135000    1.20757300 
 H                  2.80968900    2.28022300    0.66618200 
 C                  0.80728100    4.90313300   -0.46260300 
 H                 -0.76162500    4.61108600   -1.93984300 
 H                  0.85584000    4.22741900   -2.51415700 
 H                  2.51057500    4.74794200    0.88103200 
 H                  2.85772300    4.29923200   -0.78438100 
 H                  1.00056900    5.94801800   -0.73560300 
 H                  0.08891200    4.92414900    0.36953000 
 C                  2.70043100   -0.58010000   -0.36868500 
 C                  2.61702800   -2.04226200    0.11358000 
 C                  3.53311700   -0.50133700   -1.66780500 
 H                  3.20227100    0.00753200    0.40547600 
 C                  4.00997700   -2.66730300    0.29202000 
 H                  2.04509800   -2.62915200   -0.61886600 
 H                  2.06147800   -2.09920600    1.05430700 
 C                  4.92969400   -1.12111100   -1.48754800 
 H                  3.00285200   -1.03142000   -2.47154300 
 H                  3.63635000    0.53875500   -1.99959100 
 C                  4.84584900   -2.57104600   -0.99157000 
 H                  3.91360200   -3.71433300    0.60635700 
 H                  4.53623600   -2.14627900    1.10484600 
 H                  5.48422100   -1.07248600   -2.43300900 
 H                  5.49926700   -0.52349800   -0.76147900 
 H                  5.85145200   -2.97740500   -0.82669900 
 H                  4.38212100   -3.19195400   -1.77170600 
 O                  1.88286100    0.34494700    2.30430100 
 C                  2.45736300    0.48560200    3.59002200 
 H                  3.50452900    0.74480500    3.42483300 
 H                  1.97626900    1.28633700    4.16706900 
 H                  2.40532500   -0.44834400    4.16487200 
 O                 -3.42949800   -1.08339100    1.70133900 
 C                 -4.26577600   -1.29873900    2.82134400 
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 H                 -5.24361500   -1.57069300    2.42016300 
 H                 -3.89884100   -2.11721900    3.45567300 
 H                 -4.36816000   -0.39355700    3.43525000 
 H                 -3.87760100   -1.29151900   -3.90824300 
 O                 -0.96689000   -2.79435900   -0.71602000 
 O                 -3.07633400    1.36728000   -0.27221600 
 C                 -4.02963700    2.33436800   -0.67690100 
 H                 -4.02078300    3.10538100    0.09525600 
 H                 -3.76691900    2.78959700   -1.64042200 
 H                 -5.03699500    1.90459000   -0.74717600 
 C                 -0.73137300   -4.01276000   -1.40055600 
 H                 -0.28571500   -3.84364400   -2.38882200 
 H                 -0.02840900   -4.57256600   -0.78174100 
 H                 -1.65309800   -4.59730800   -1.51762200 
 
 Zero-point correction=                           0.624380 (Hartree/Particle) 
 Thermal correction to Energy=                    0.658087 
 Thermal correction to Enthalpy=                  0.659031 
 Thermal correction to Gibbs Free Energy=         0.558494 
 Sum of electronic and zero-point Energies=          -1732.109465 
 Sum of electronic and thermal Energies=             -1732.075758 
 Sum of electronic and thermal Enthalpies=           -1732.074814 
 Sum of electronic and thermal Free Energies=        -1732.175351 
 
 C, H, O, P = 6-31G(d,p) 
 
10 
 
 SCF Energy = -2007.53312101 
 
 C                  0.83746600   -1.85034000    0.18344200 
 C                 -0.30416700   -1.04652800    0.32344300 
 C                 -1.47894900   -1.26891400   -0.42248500 
 C                 -1.46359500   -2.32625600   -1.33705500 
 C                 -0.35492000   -3.15746200   -1.49297200 
 C                  2.05265200   -1.62040500    1.02990100 
 C                  2.94314800   -0.54044700    0.83113700 
 C                  4.01239900   -0.38286000    1.73085500 
 C                  4.22758600   -1.27539000    2.77828900 
 C                  3.36418300   -2.35712400    2.95041600 
 H                  4.68032300    0.46418100    1.61416800 
 H                  5.06405500   -1.12556400    3.45514900 
 P                  2.67681400    0.65134000   -0.58302300 
 H                 -2.34634700   -2.50492100   -1.94349000 
 C                  4.04867800    0.16497000   -1.83561700 
 C                  0.78838900   -2.93090000   -0.72286600 
 C                  2.28837200   -2.52025600    2.08265600 
 O                 -0.24091100    0.03471900    1.18334500 
 C                 -0.72278100   -0.21081100    2.50606700 
 H                 -0.16528500   -1.02439000    2.98460200 
 H                 -0.56452800    0.71198200    3.06785200 
 H                 -1.79201400   -0.44787300    2.49850400 
 H                 -0.39296700   -3.96783400   -2.21030700 
 H                  1.60638400   -3.35457700    2.21779600 
 H                  3.52074800   -3.06387200    3.76041600 
 O                  1.91541600   -3.70380600   -0.78763400 
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 C                  1.92960500   -4.80263500   -1.68540400 
 H                  1.81158200   -4.47768400   -2.72672400 
 H                  2.90594700   -5.27404800   -1.56520400 
 H                  1.14465100   -5.53105900   -1.44569600 
 C                 -2.70794900   -0.42228700   -0.25821200 
 C                 -2.74945100    0.88916000   -0.79154000 
 C                 -3.85003300   -0.94891500    0.39254400 
 C                 -3.92481900    1.63587300   -0.66635200 
 C                 -5.00241700   -0.15815000    0.48539700 
 C                 -5.06579800    1.13456400   -0.03362000 
 H                 -3.94950400    2.63875400   -1.08385300 
 H                 -5.88187500   -0.56351200    0.97991800 
 C                 -3.88264100   -2.35842400    0.98720200 
 H                 -2.86601800   -2.76006200    0.95284900 
 C                 -4.32488400   -2.37239000    2.46314600 
 H                 -3.69555500   -1.72240000    3.07921200 
 H                 -5.36125400   -2.03977500    2.58401700 
 H                 -4.25830600   -3.38798000    2.86870200 
 C                 -4.77567600   -3.29831100    0.15313400 
 H                 -4.44065600   -3.34842000   -0.88718200 
 H                 -4.75989300   -4.31425600    0.56376000 
 H                 -5.81589500   -2.95445100    0.14943500 
 C                 -1.56656400    1.50010000   -1.54037400 
 H                 -0.71466200    0.82253400   -1.44901100 
 C                 -1.87759200    1.63866300   -3.04369300 
 H                 -1.00747200    2.03271600   -3.58047000 
 H                 -2.13909200    0.67168500   -3.48565300 
 H                 -2.71634500    2.32194300   -3.21862900 
 C                 -1.12741600    2.84701700   -0.93933600 
 H                 -1.90239600    3.61521700   -1.04113400 
 H                 -0.89117900    2.73828600    0.12224100 
 H                 -0.22911900    3.21275400   -1.44714900 
 C                 -6.33902100    1.96128500    0.09012500 
 H                 -7.07355700    1.34028800    0.62013000 
 C                 -6.93720900    2.30657700   -1.28641800 
 H                 -6.25929600    2.94207200   -1.86648400 
 H                 -7.12849400    1.40244200   -1.87257500 
 H                 -7.88342500    2.84716400   -1.17324400 
 C                 -6.11912000    3.23245400    0.93120300 
 H                 -7.05899300    3.78132200    1.05781600 
 H                 -5.73057300    2.98711200    1.92440500 
 H                 -5.40232600    3.90740200    0.45105800 
 C                  4.00249700    1.18980600   -2.98958600 
 H                  2.99186200    1.27195800   -3.40291000 
 H                  4.31915800    2.19118200   -2.68887600 
 H                  4.66776800    0.86187000   -3.79832600 
 C                  3.60497200   -1.20109400   -2.40121800 
 H                  4.29825000   -1.50882700   -3.19469200 
 H                  3.60159400   -1.98146700   -1.63600600 
 H                  2.60064400   -1.14790300   -2.83392600 
 C                  5.47758200    0.02033500   -1.28495800 
 H                  5.53142200   -0.76208700   -0.52345400 
 H                  6.15760000   -0.26343000   -2.09916500 
 H                  5.86480000    0.94169200   -0.84345300 
 C                  3.16768700    2.23772300    0.25590100 
 C                  2.27172100    2.67251200    1.25388900 
 C                  4.25300900    3.07189300   -0.05232000 
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 C                  2.46722700    3.87546000    1.92716100 
 H                  1.41100900    2.05474600    1.49537300 
 C                  4.44327700    4.28571600    0.61576700 
 H                  4.96748000    2.79028800   -0.81509500 
 C                  3.55638400    4.69135000    1.60992000 
 H                  1.76265000    4.18194900    2.69553200 
 H                  5.29355500    4.91029800    0.35537800 
 H                  3.70630000    5.63380000    2.12863700 
 
 Zero-point correction=                           0.784918 (Hartree/Particle) 
 Thermal correction to Energy=                    0.829930 
 Thermal correction to Enthalpy=                  0.830874 
 Thermal correction to Gibbs Free Energy=         0.704967 
 Sum of electronic and zero-point Energies=          -2006.748187 
 Sum of electronic and thermal Energies=             -2006.703175 
 Sum of electronic and thermal Enthalpies=           -2006.702231 
 Sum of electronic and thermal Free Energies=        -2006.828138 
 
 C, H, O, P = 6-31G(d,p) 
 
10a 
 
 SCF Energy = -2583.56094780 
 
 C                 -0.11612300   -2.14121200   -0.54755800 
 C                 -1.26061700   -1.51977400   -0.01616800 
 C                 -2.25942200   -0.96310900   -0.84223500 
 C                 -2.02179000   -0.98942500   -2.22276000 
 C                 -0.89564400   -1.59049200   -2.78107200 
 C                  0.77337600   -2.93003400    0.36534400 
 C                  1.91771300   -2.45085900    1.03794300 
 C                  2.50524300   -3.27172700    2.02347100 
 C                  2.05527100   -4.56346300    2.27677600 
 C                  0.98469600   -5.07040500    1.54101200 
 H                  3.31840000   -2.88143500    2.62243400 
 H                  2.53879300   -5.16521300    3.04149700 
 P                  2.76392300   -0.82448500    0.69632900 
 Pd                 1.89421700    1.16144800   -0.62949300 
 H                 -2.75805000   -0.53972200   -2.88328900 
 C                  4.53514600   -1.34319800    0.11331000 
 C                  1.39681700    2.99505900   -1.32447200 
 C                  1.33077500    3.51627800   -2.62357200 
 C                  1.11034300    3.90398300   -0.29060600 
 C                  1.00788800    4.85780700   -2.84145500 
 H                  1.53949500    2.86915700   -3.46750100 
 C                  0.78918400    5.25650200   -0.47719900 
 C                  0.74187900    5.73384700   -1.77652600 
 H                  0.96518100    5.23216500   -3.86156900 
 H                  0.58304200    5.88461100    0.38230100 
 H                  0.49716600    6.77418500   -1.96734700 
 Br                 2.45833000    0.37250900   -2.91792700 
 C                  0.04405600   -2.20164100   -1.94530600 
 N                  1.12667600    3.38379200    1.04368400 
 O                  1.41280700    2.14940700    1.18172800 
 O                  0.86330300    4.07547900    2.01485600 
 C                  0.35094500   -4.25067000    0.61368600 
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 O                 -1.35745100   -1.44194900    1.36303600 
 C                 -2.26397100   -2.34435700    2.00138600 
 H                 -1.95789100   -3.38515900    1.84129300 
 H                 -2.21463100   -2.11583900    3.06860900 
 H                 -3.28949400   -2.19937200    1.64878100 
 H                 -0.76437300   -1.58519600   -3.85591100 
 H                 -0.50900400   -4.62348700    0.06454700 
 H                  0.62919700   -6.08415600    1.70542300 
 O                  1.12119500   -2.90895400   -2.38339200 
 C                  1.29440400   -3.07475600   -3.78422100 
 H                  1.45687900   -2.11128200   -4.27892900 
 H                  2.18437300   -3.69593800   -3.90003000 
 H                  0.43178400   -3.58564600   -4.23268200 
 C                 -3.57438000   -0.45641600   -0.31804700 
 C                 -3.67462000    0.76995500    0.38237000 
 C                 -4.74957100   -1.21814200   -0.55319500 
 C                 -4.92924300    1.20215000    0.82711800 
 C                 -5.98060000   -0.73035300   -0.09698400 
 C                 -6.09857400    0.47376600    0.59729100 
 H                 -4.99285900    2.14534200    1.36425500 
 H                 -6.88069100   -1.31199500   -0.28495900 
 C                 -4.73800400   -2.56509500   -1.28207500 
 H                 -3.69703700   -2.84431500   -1.46475600 
 C                 -5.36410000   -3.69359800   -0.43850900 
 H                 -4.86342400   -3.79316200    0.53118800 
 H                 -6.42907800   -3.52007200   -0.24601700 
 H                 -5.27676100   -4.65247200   -0.96392000 
 C                 -5.43266500   -2.46930800   -2.65505300 
 H                 -4.96010000   -1.71078700   -3.28851700 
 H                 -5.38291600   -3.43039200   -3.18164100 
 H                 -6.49036500   -2.20017700   -2.54837500 
 C                 -2.46758700    1.66520300    0.65038100 
 H                 -1.58310000    1.17889200    0.22885300 
 C                 -2.62627900    3.02615300   -0.05715000 
 H                 -1.74529700    3.65529400    0.11090000 
 H                 -2.74970300    2.89861300   -1.13850600 
 H                 -3.49863100    3.57536600    0.31662400 
 C                 -2.21739200    1.84711700    2.16007000 
 H                 -3.06717000    2.33449900    2.65356800 
 H                 -2.05128200    0.87804400    2.63948800 
 H                 -1.33175000    2.46776300    2.33633500 
 C                 -7.45597900    0.96390400    1.08432100 
 H                 -8.20019200    0.22092200    0.76549700 
 C                 -7.84631500    2.30960700    0.44401900 
 H                 -7.15194200    3.10615800    0.73666500 
 H                 -7.83694900    2.24482900   -0.64959100 
 H                 -8.85204700    2.61237100    0.76022100 
 C                 -7.51690900    1.04547700    2.62176800 
 H                 -8.51851900    1.34293900    2.95536500 
 H                 -7.27749400    0.07889500    3.07874300 
 H                 -6.80375900    1.78286000    3.00911400 
 C                  5.26441800   -0.09240900   -0.42739600 
 H                  4.70040300    0.39789900   -1.22333400 
 H                  5.47771000    0.64763100    0.35027600 
 H                  6.22971800   -0.40716200   -0.84529800 
 C                  4.34282300   -2.34279100   -1.04731800 
 H                  5.32943400   -2.59176200   -1.46051800 
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 H                  3.87397100   -3.27168700   -0.70933400 
 H                  3.73377900   -1.92164700   -1.85049600 
 C                  5.41379800   -2.00337100    1.19500000 
 H                  5.06134700   -3.00369200    1.45605900 
 H                  6.42836200   -2.11691700    0.79114500 
 H                  5.48830500   -1.41025100    2.11120000 
 C                  2.88211200   -0.14510700    2.41677900 
 C                  1.78746800   -0.32356600    3.28158500 
 C                  3.95221200    0.65144200    2.85455200 
 C                  1.78287900    0.24876800    4.55319700 
 H                  0.92682700   -0.89946400    2.95547300 
 C                  3.94773300    1.21817000    4.13070200 
 H                  4.79913000    0.84235800    2.20647500 
 C                  2.86550400    1.01565400    4.98685300 
 H                  0.92564000    0.09770900    5.20388600 
 H                  4.79317900    1.82151300    4.45084100 
 H                  2.86107000    1.45944500    5.97870000 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
10b 
 
 SCF Energy = -2583.56440168 
 
 C                 -0.06122700   -1.61128900   -1.49861400 
 C                 -1.17237600   -1.36126300   -0.67493200 
 C                 -2.22869700   -0.51809200   -1.08027000 
 C                 -2.09010700    0.11210300   -2.32382000 
 C                 -1.00139700   -0.11289200   -3.16598600 
 C                  0.90570500   -2.69552500   -1.13040900 
 C                  2.04314200   -2.55638000   -0.30791700 
 C                  2.73699100   -3.72380200    0.07453900 
 C                  2.38406200   -4.98371300   -0.39772000 
 C                  1.30561500   -5.10887100   -1.27268800 
 H                  3.55882800   -3.64628300    0.77591900 
 H                  2.94699800   -5.85751900   -0.08104900 
 P                  2.74698800   -0.93887300    0.30921600 
 Pd                 1.75655700    1.38480800   -0.01645400 
 H                 -2.87603900    0.78748400   -2.65074800 
 C                  4.46809700   -0.83838100   -0.55750500 
 C                  1.18066300    3.28002500   -0.42868100 
 C                  0.88058300    4.36431300    0.40858700 
 C                  1.07916500    3.53629700   -1.80873100 
 C                  0.50385500    5.59948100   -0.12226200 
 H                  0.94735500    4.23939100    1.48280700 
 C                  0.70494600    4.76692900   -2.37153700 
 C                  0.41294500    5.80876100   -1.50858200 
 H                  0.27609200    6.41861100    0.55569100 
 H                  0.65520400    4.87315100   -3.44935400 
 H                  0.11878600    6.77723600   -1.90118000 
 Br                 1.88808500    1.85428000    2.40131400 
 C                  0.00221100   -1.00219400   -2.76806300 
 N                  1.39139700    2.45512100   -2.68907100 
 O                  1.72285500    1.34566200   -2.15947100 
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 O                  1.34649000    2.57589800   -3.90743000 
 C                  0.57653400   -3.97598600   -1.61668000 
 O                 -1.17867300   -1.95126200    0.57598400 
 C                 -2.02182700   -3.09433000    0.73961700 
 H                 -1.71724400   -3.90448400    0.06587700 
 H                 -1.89204700   -3.41884900    1.77452700 
 H                 -3.07286900   -2.84181000    0.56927700 
 H                 -0.94992100    0.39297900   -4.12269700 
 H                 -0.28544500   -4.06839600   -2.27135900 
 H                  1.02012400   -6.08096000   -1.66587300 
 O                  1.06054700   -1.36803200   -3.54145600 
 C                  1.17012300   -0.81308600   -4.84727900 
 H                  1.29545300    0.27351700   -4.80569000 
 H                  2.05963800   -1.26876000   -5.28638300 
 H                  0.29477400   -1.06519600   -5.46068300 
 C                 -3.49676000   -0.34667100   -0.29109200 
 C                 -3.52195200    0.39728900    0.91381800 
 C                 -4.70020200   -0.91904800   -0.78098200 
 C                 -4.73700600    0.55734000    1.58917600 
 C                 -5.88829000   -0.71966500   -0.06653400 
 C                 -5.93476100    0.01331900    1.11946300 
 H                 -4.74369700    1.13339500    2.51099600 
 H                 -6.81099700   -1.15481500   -0.44477700 
 C                 -4.76365700   -1.76168600   -2.05799100 
 H                 -3.74342600   -1.89861800   -2.42621100 
 C                 -5.34078700   -3.16864300   -1.80310400 
 H                 -4.77081400   -3.70142300   -1.03373100 
 H                 -6.38575500   -3.13014400   -1.47463300 
 H                 -5.30659100   -3.76522300   -2.72297000 
 C                 -5.55793100   -1.04772300   -3.16989500 
 H                 -5.12432700   -0.06953200   -3.40497400 
 H                 -5.56139000   -1.64709700   -4.08877200 
 H                 -6.60080100   -0.88453800   -2.87308000 
 C                 -2.27779600    1.05895600    1.49841700 
 H                 -1.42432800    0.81094700    0.86199500 
 C                 -2.40902400    2.59447400    1.50043000 
 H                 -1.48377000    3.04968200    1.86942200 
 H                 -2.59904900    2.97875300    0.49128800 
 H                 -3.23171800    2.92812900    2.14495400 
 C                 -1.95651300    0.53213000    2.90958600 
 H                 -2.74282300    0.79444100    3.62870200 
 H                 -1.85105100   -0.55719600    2.89942400 
 H                 -1.01266400    0.96056500    3.26277000 
 C                 -7.24732400    0.20217700    1.86926800 
 H                 -8.02637700   -0.31368100    1.29074000 
 C                 -7.64986900    1.68660500    1.96036300 
 H                 -6.92056500    2.26203400    2.54276600 
 H                 -7.71452600    2.14074800    0.96543500 
 H                 -8.62558300    1.79366700    2.44977200 
 C                 -7.20672300   -0.44513000    3.26669100 
 H                 -8.17752800   -0.34723400    3.76787400 
 H                 -6.96123400   -1.51093000    3.20186700 
 H                 -6.45289700    0.03218200    3.90388100 
 C                  5.09280400    0.53603900   -0.22561400 
 H                  4.43151500    1.36059300   -0.51257200 
 H                  5.32384400    0.66072100    0.83590400 
 H                  6.03095900    0.64376300   -0.78582300 
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 C                  4.20028600   -0.89758500   -2.07708700 
 H                  5.15715100   -0.78965300   -2.60515400 
 H                  3.75451100   -1.85023200   -2.37757100 
 H                  3.53699300   -0.09652100   -2.41103900 
 C                  5.46317300   -1.95975800   -0.20128500 
 H                  5.13969400   -2.92590400   -0.59626800 
 H                  6.42998200   -1.72654400   -0.66680900 
 H                  5.63192900   -2.06602600    0.87355700 
 C                  2.96967400   -1.37685900    2.09287500 
 C                  1.86349000   -1.95113500    2.74413600 
 C                  4.11828800   -1.09804400    2.84559100 
 C                  1.92001500   -2.26115100    4.10162200 
 H                  0.94952800   -2.14493600    2.18974400 
 C                  4.17513700   -1.41706000    4.20457400 
 H                  4.97642700   -0.61963800    2.39046500 
 C                  3.07925200   -2.00259900    4.83664100 
 H                  1.05328400   -2.70260900    4.58641400 
 H                  5.07883200   -1.19798200    4.76708900 
 H                  3.12346000   -2.24717000    5.89454800 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
11a 
 
 SCF Energy = -2321.94300558 
 
 C                  2.63286000   -0.08548700    0.42243200 
 C                  2.96235000   -1.40472500    0.82915900 
 C                  3.74905800   -2.24088700    0.02735700 
 C                  4.20662800   -1.77380100   -1.20169400 
 C                  3.90549000   -0.48343400   -1.64590000 
 C                  3.14116000    0.35425500   -0.82783500 
 C                  2.14248700    0.90809100    1.43960500 
 C                  0.82112400    1.40558000    1.52640500 
 C                  0.52352500    2.35876500    2.52378000 
 C                  1.49427600    2.81058600    3.41967900 
 C                  2.79658000    2.31160200    3.33530900 
 C                  3.10921500    1.37293000    2.35284700 
 H                  3.96585300   -3.25479400    0.33133000 
 H                  4.26825300   -0.14780800   -2.60804200 
 H                 -0.48141800    2.75192300    2.61747900 
 H                  1.23151400    3.54123800    4.17804300 
 H                  3.56111000    2.64745500    4.02849100 
 H                  4.11777300    0.97923800    2.28398700 
 P                 -0.47221000    0.82527400    0.33206200 
 Pd                 0.19902200   -1.26277700   -0.51412300 
 C                  3.43996800    2.24494900   -2.36019200 
 H                  3.05484700    1.74182900   -3.25381700 
 H                  3.12977700    3.28914600   -2.36052900 
 H                  4.53333800    2.18149500   -2.34126700 
 C                  2.51994800   -3.19265800    2.43819100 
 H                  2.03813100   -3.79921300    1.66532100 
 H                  3.55039100   -3.52824700    2.60075700 
 H                  1.96300700   -3.25465300    3.37206400 
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 H                  4.79214200   -2.43074500   -1.83527400 
 O                  2.86563500    1.68160200   -1.14805700 
 O                  2.48028400   -1.77948100    2.07325900 
 C                 -2.06965900    1.01107700    1.30542200 
 C                 -3.35689400    0.84315300    0.45468700 
 C                 -2.08919600    0.04752300    2.52142700 
 H                 -2.07986500    2.04209500    1.68994800 
 C                 -4.61559700    1.05909700    1.32352200 
 H                 -3.38736100   -0.15929500    0.01824100 
 H                 -3.36368500    1.55423100   -0.37920700 
 C                 -3.35903600    0.24787400    3.37554000 
 H                 -2.05697200   -0.98536400    2.15530800 
 H                 -1.19667200    0.19481300    3.14011700 
 C                 -4.63994300    0.10409600    2.53126100 
 H                 -5.51197400    0.91499000    0.70661800 
 H                 -4.64173800    2.10052900    1.68126800 
 H                 -3.36248000   -0.47506800    4.20176800 
 H                 -3.33629400    1.24901400    3.83392300 
 H                 -5.52624600    0.29652200    3.15000400 
 H                 -4.72163700   -0.93073400    2.16835000 
 C                 -0.43572300    2.19996800   -0.96189700 
 C                 -1.01989600    1.76939900   -2.33059100 
 C                 -1.02506000    3.55686700   -0.50463500 
 H                  0.64738900    2.33280800   -1.09845300 
 C                 -0.80471200    2.86694100   -3.39446700 
 H                 -2.09440600    1.56133300   -2.23904600 
 H                 -0.54367800    0.83622100   -2.65309300 
 C                 -0.79823700    4.64448000   -1.57848000 
 H                 -2.10498700    3.45857200   -0.32741400 
 H                 -0.56742100    3.87361300    0.43983900 
 C                 -1.37836200    4.22338400   -2.94227100 
 H                 -1.26130100    2.55675000   -4.34338800 
 H                  0.27405900    2.97678300   -3.58529200 
 H                 -1.24708300    5.59027900   -1.24737400 
 H                  0.28210000    4.82719100   -1.68270100 
 H                 -1.17267700    4.99412600   -3.69657100 
 H                 -2.47336000    4.14540500   -2.86188400 
 C                 -1.65844500   -1.95604500   -0.85290600 
 C                 -2.32547100   -1.69076600   -2.05577200 
 C                 -2.25431500   -2.78570100    0.10778900 
 C                 -3.60515900   -2.22366100   -2.27759800 
 H                 -1.85776900   -1.08860400   -2.82496000 
 C                 -3.53455700   -3.31322900   -0.11989800 
 H                 -1.72358200   -3.04135900    1.01784800 
 C                 -4.21656000   -3.02725700   -1.30877000 
 H                 -4.11562200   -2.01330700   -3.21334000 
 H                 -3.98754900   -3.95804900    0.62803300 
 Cl                 0.95443400   -3.33043300   -1.41379200 
 H                 -5.20558900   -3.43912800   -1.48453000 
 
 Zero-point correction=                           0.659210 (Hartree/Particle) 
 Thermal correction to Energy=                    0.696453 
 Thermal correction to Enthalpy=                  0.697397 
 Thermal correction to Gibbs Free Energy=         0.588331 
 Sum of electronic and zero-point Energies=          -2321.283796 
 Sum of electronic and thermal Energies=             -2321.246553 
 Sum of electronic and thermal Enthalpies=           -2321.245608 
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 Sum of electronic and thermal Free Energies=        -2321.354674 
 
 C, H, O = 6-31G 
 P, Cl   = 6-31G(d) 
 Pd      = LANL2DZ 
 
11b 
 
 SCF Energy = -2321.92689632 
 
 C                 -1.18423700   -1.53624200    0.85167300 
 C                 -2.38659100   -1.06496500    1.47024900 
 C                 -3.64972800   -1.34560100    0.93731400 
 C                 -3.74489100   -2.09956300   -0.23173800 
 C                 -2.60744600   -2.57779500   -0.88602200 
 C                 -1.34554600   -2.31150000   -0.34230100 
 C                  0.03002700   -1.76851500    1.72541300 
 C                  1.28697300   -1.15310500    1.54392500 
 C                  2.33862100   -1.47638200    2.42498600 
 C                  2.16448100   -2.39795000    3.45904300 
 C                  0.92169900   -3.01684200    3.62830500 
 C                 -0.13069300   -2.70191900    2.76888900 
 H                 -4.54682900   -0.96368700    1.40369900 
 H                 -2.71221800   -3.15768500   -1.79295800 
 H                  3.30240300   -0.99325300    2.31267800 
 H                  2.98843100   -2.62741400    4.12732100 
 H                  0.77092900   -3.73538200    4.42771600 
 H                 -1.09725300   -3.17556100    2.90655100 
 P                  1.46046200    0.05380500    0.16286500 
 Pd                -0.84256200    0.56062200   -0.51081500 
 C                 -2.75120100    1.09814200   -0.98119500 
 C                 -3.43286100    1.98500900   -0.13249200 
 C                 -3.39984800    0.60736300   -2.12293800 
 C                 -4.76956400    2.32587700   -0.38897200 
 H                 -2.92205100    2.42369900    0.72053800 
 C                 -4.73610100    0.95270600   -2.38168200 
 C                 -5.42617500    1.80450900   -1.51154600 
 H                 -5.22849100    0.56933800   -3.27192200 
 C                 -0.23246500   -3.63684900   -2.07643300 
 H                 -0.62442900   -3.03904100   -2.90578800 
 H                  0.80002300   -3.91797000   -2.27742300 
 H                 -0.84310500   -4.53533400   -1.93861400 
 C                 -3.35801500    0.18671800    3.33850400 
 H                 -3.88656400    0.89160700    2.69020200 
 H                 -4.03973800   -0.60348200    3.67237300 
 H                 -2.94338900    0.70693100    4.20030000 
 H                 -4.72350000   -2.30406700   -0.65155300 
 O                 -0.17606400   -2.85247900   -0.85019300 
 O                 -2.20068600   -0.37711300    2.65337200 
 C                  2.47400100    1.43423500    0.93600300 
 C                  2.99030100    2.47270300   -0.09427400 
 C                  1.63376500    2.13980100    2.03503300 
 H                  3.35067300    0.97249200    1.41784100 
 C                  3.78921800    3.59524500    0.60210700 
 H                  2.13655100    2.89952900   -0.63344100 
 H                  3.62903500    1.98826400   -0.84195100 
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 C                  2.43547300    3.26348900    2.72345900 
 H                  0.73476600    2.56700600    1.56928600 
 H                  1.29357300    1.41152300    2.78115300 
 C                  2.96234100    4.28851500    1.70122700 
 H                  4.11594300    4.32827100   -0.14695000 
 H                  4.70275400    3.17186500    1.04954700 
 H                  1.80338400    3.76028100    3.47140500 
 H                  3.28452200    2.82383200    3.26999300 
 H                  3.56654700    5.05387600    2.20624000 
 H                  2.11065300    4.80845000    1.23866000 
 C                  2.54825200   -0.85222300   -1.08239700 
 C                  2.41927600   -0.24367700   -2.50467800 
 C                  4.03337600   -1.04907300   -0.69209700 
 H                  2.07001700   -1.84272600   -1.10563900 
 C                  3.17031000   -1.10109100   -3.54414300 
 H                  2.82480100    0.77604200   -2.51813500 
 H                  1.36193100   -0.14989200   -2.77519100 
 C                  4.77820900   -1.89936600   -1.74594500 
 H                  4.53061800   -0.07313600   -0.60703900 
 H                  4.11025100   -1.53714600    0.28630600 
 C                  4.64905300   -1.29914800   -3.15893500 
 H                  3.09306600   -0.63302400   -4.53407000 
 H                  2.68420900   -2.08672700   -3.62276100 
 H                  5.83582400   -1.99241700   -1.46503900 
 H                  4.36133400   -2.91825600   -1.74492800 
 H                  5.15217200   -1.94375700   -3.89179800 
 H                  5.16371700   -0.32677500   -3.18857400 
 H                 -2.86947000   -0.03387100   -2.82019300 
 H                 -5.28937500    3.01125100    0.27597400 
 Cl                -0.26763200    2.46204300   -1.79750900 
 H                 -6.45714900    2.07759600   -1.71713200 
 
 Zero-point correction=                           0.658150 (Hartree/Particle) 
 Thermal correction to Energy=                    0.695547 
 Thermal correction to Enthalpy=                  0.696492 
 Thermal correction to Gibbs Free Energy=         0.586896 
 Sum of electronic and zero-point Energies=          -2321.268746 
 Sum of electronic and thermal Energies=             -2321.231349 
 Sum of electronic and thermal Enthalpies=           -2321.230405 
 Sum of electronic and thermal Free Energies=        -2321.340000 
 
 C, H, O = 6-31G 
 P, Cl   = 6-31G(d) 
 Pd      = LANL2DZ 
 
12a 
 
 SCF Energy = -2291.93921393 
 
 C                 -1.95047000   -0.81359400   -0.15065500 
 C                 -1.73458700   -1.98873300   -0.95474500 
 C                 -2.01815300   -3.26727300   -0.35241200 
 C                 -2.44187100   -3.40399000    0.93231300 
 C                 -2.66867700   -2.27629600    1.76757600 
 C                 -2.22365200    0.54902200   -0.75662100 
 C                 -1.31269600    1.60197900   -0.73742100 
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 C                 -1.66980000    2.86377800   -1.29852800 
 C                 -2.90857200    3.08027700   -1.84549800 
 C                 -3.88345800    2.05070400   -1.85228000 
 H                 -1.89359500   -4.15835500   -0.95145000 
 H                 -0.94904400    3.67364200   -1.30577300 
 H                 -3.15754900    4.04761200   -2.27513700 
 P                  0.33220700    1.36789700    0.08055600 
 Pd                 0.68991300   -0.94312200    0.27531400 
 C                 -0.63934400   -3.22622400   -2.77190700 
 H                 -0.08038000   -3.72271100   -1.97622900 
 H                 -1.34713600   -3.93397200   -3.22687800 
 H                  0.08606900   -2.92025200   -3.52686300 
 H                 -2.62692800   -4.39781100    1.33115500 
 C                  1.47926100    2.50879800   -0.88324500 
 C                  2.90249800    2.58189700   -0.28764000 
 C                  1.52788500    2.14653600   -2.38393700 
 H                  1.04256100    3.51335700   -0.79336000 
 C                  3.78445500    3.56369400   -1.07889900 
 H                  3.36036400    1.58868400   -0.30918800 
 H                  2.86646600    2.88639000    0.76453200 
 C                  2.42806600    3.11861500   -3.16610700 
 H                  1.89807000    1.12223100   -2.49999900 
 H                  0.51865400    2.16058300   -2.81106700 
 C                  3.83921200    3.19684600   -2.56824900 
 H                  4.79383000    3.57276800   -0.64879800 
 H                  3.38785100    4.58443900   -0.96874000 
 H                  2.47366200    2.80666800   -4.21699400 
 H                  1.97535100    4.12177800   -3.15708200 
 H                  4.44660600    3.92622100   -3.11886800 
 H                  4.33662200    2.22281300   -2.68220400 
 C                  0.04231700    2.21373000    1.75632800 
 C                  0.96732300    1.70112900    2.87804600 
 C                  0.00334100    3.75613300    1.72286700 
 H                 -0.96479300    1.86240600    2.00922200 
 C                  0.56079700    2.28935100    4.24038900 
 H                  2.01198200    1.96457300    2.66524500 
 H                  0.91247600    0.60832600    2.91537500 
 C                 -0.39939100    4.32952600    3.09446900 
 H                  0.99265000    4.15054100    1.45398900 
 H                 -0.70139600    4.10933400    0.96146800 
 C                  0.52157700    3.82338100    4.21297600 
 H                  1.25452200    1.93701400    5.01413500 
 H                 -0.43249300    1.90381500    4.51241800 
 H                 -0.38567100    5.42617700    3.05093100 
 H                 -1.43640400    4.03824500    3.31656400 
 H                  0.19102700    4.21488500    5.18328500 
 H                  1.53809800    4.21107500    4.04871400 
 C                  2.70583100   -0.86834400    0.38590300 
 C                  3.33159100   -0.63637900    1.62199700 
 C                  3.56209500   -1.14237400   -0.69512500 
 C                  4.71891400   -0.62884200    1.75742800 
 H                  2.72125800   -0.48523500    2.50321100 
 C                  4.96080800   -1.14709500   -0.57383400 
 C                  5.54347300   -0.87228800    0.65339900 
 H                  5.15838700   -0.44416700    2.73475900 
 H                  5.55808400   -1.37355800   -1.44849800 
 H                  6.62453300   -0.86619000    0.75458200 
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 Br                 1.11086800   -3.40841300    0.92891500 
 N                 -1.31328900   -2.02282800   -2.26266600 
 C                 -1.23354500   -0.86621400   -3.14984500 
 H                 -2.14011700   -0.26585100   -3.10471300 
 H                 -0.36313400   -0.23815500   -2.93145300 
 H                 -1.13689700   -1.23719600   -4.17295900 
 C                 -2.49428200   -0.97940700    1.19996100 
 C                 -2.91229500    0.12447400    1.99022300 
 C                 -3.12925000   -2.42393500    3.09640000 
 C                 -3.37378300   -0.04166300    3.28415500 
 H                 -2.89323800    1.12082500    1.56510000 
 C                 -3.46439100   -1.32393000    3.85966200 
 H                 -3.22596400   -3.42860100    3.50095600 
 H                 -3.68173600    0.83029200    3.85581300 
 H                 -3.81763100   -1.44454900    4.87962700 
 N                  3.04126900   -1.47127400   -2.02538900 
 O                  1.85113100   -1.23801900   -2.27579400 
 O                  3.81404500   -1.95743500   -2.85155100 
 C                 -3.54613300    0.77315500   -1.29583300 
 C                 -4.54623200   -0.24169000   -1.31512500 
 C                 -5.79384300   -0.00518500   -1.84922000 
 H                 -4.32142000   -1.21616000   -0.89815000 
 C                 -5.17753800    2.26246100   -2.39892700 
 C                 -6.11702600    1.25772900   -2.39880700 
 H                 -6.53801300   -0.79680500   -1.84707000 
 H                 -5.41033500    3.23881200   -2.81715200 
 H                 -7.10474800    1.42947500   -2.81750400 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
12b 
 
 SCF Energy = -2291.93759974 
 
 C                 -1.91712100   -0.77723200    0.16393700 
 C                 -2.12386600   -1.84390700   -0.76514000 
 C                 -2.12722600   -3.19572400   -0.26739500 
 C                 -1.99182700   -3.47899400    1.05667000 
 C                 -1.87977600   -2.45260600    2.03568800 
 C                 -2.34691100    0.63371500   -0.16677700 
 C                 -1.45730700    1.70622200   -0.23529600 
 C                 -1.95059900    3.01694100   -0.50525000 
 C                 -3.28668700    3.25595000   -0.70308000 
 C                 -4.22915000    2.20152800   -0.61241600 
 H                 -2.17006600   -4.01189500   -0.97311500 
 H                 -1.26158200    3.85049200   -0.57248300 
 H                 -3.63758600    4.26162100   -0.92188900 
 P                  0.36615600    1.41642700    0.00644200 
 Pd                 0.65255500   -0.90210700   -0.37493100 
 C                 -2.85122000   -2.76433800   -2.93299900 
 H                 -2.03183700   -3.43064200   -3.23634600 
 H                 -3.61627100   -3.34491800   -2.41182200 
 H                 -3.31415800   -2.34584400   -3.83075100 
 H                 -1.95835500   -4.51620400    1.38049400 
 C                  1.12868900    2.67311200   -1.18044000 
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 C                  2.65260300    2.86138500   -1.01562800 
 C                  0.75986400    2.35045000   -2.64539900 
 H                  0.66690100    3.63706900   -0.92703200 
 C                  3.19088900    3.91573400   -2.00018100 
 H                  3.16828000    1.91041600   -1.18045600 
 H                  2.88773500    3.17410600    0.00632200 
 C                  1.31988800    3.40209100   -3.61842300 
 H                  1.15577100    1.36208100   -2.91036100 
 H                 -0.32887700    2.29220700   -2.75673600 
 C                  2.83527100    3.57778300   -3.45411300 
 H                  4.27826200    4.00150600   -1.88102200 
 H                  2.77039100    4.90038800   -1.74571900 
 H                  1.07489100    3.11404200   -4.64854700 
 H                  0.82120400    4.36599200   -3.43714200 
 H                  3.20342600    4.36114600   -4.12854800 
 H                  3.34357700    2.64742100   -3.74630000 
 C                  0.70605100    2.06409300    1.75174800 
 C                  2.05769400    1.58356800    2.32239900 
 C                  0.51559100    3.58245100    1.95786300 
 H                 -0.06645100    1.54791200    2.33422600 
 C                  2.19224300    1.97035800    3.80489900 
 H                  2.89423100    2.01804500    1.76100500 
 H                  2.12144000    0.49948600    2.21786800 
 C                  0.66919800    3.95837600    3.44404200 
 H                  1.26149700    4.13796200    1.37262300 
 H                 -0.47122500    3.90185300    1.60439700 
 C                  2.00824600    3.47876200    4.02113400 
 H                  3.17034900    1.64501100    4.18052600 
 H                  1.43714700    1.42224500    4.38650500 
 H                  0.56704900    5.04529200    3.55881500 
 H                 -0.15473900    3.50533700    4.01457600 
 H                  2.06861100    3.72312900    5.08925800 
 H                  2.83024500    4.02072900    3.52965600 
 C                  2.65941400   -0.92164000   -0.53598300 
 C                  3.48790300   -1.44389700    0.47103100 
 C                  3.29466900   -0.54154300   -1.72808700 
 C                  4.87941200   -1.54537600    0.32733700 
 C                  4.67698500   -0.63555500   -1.88674000 
 C                  5.47915800   -1.12727100   -0.85080800 
 H                  5.45604400   -1.96418300    1.14287800 
 H                  5.12860800   -0.33560000   -2.82941100 
 H                  6.55573500   -1.20206200   -0.97064400 
 Br                 0.94069100   -3.22524100   -1.53500000 
 N                 -2.38410800   -1.65571500   -2.10416600 
 C                 -1.87270000   -0.51807600   -2.85969400 
 H                 -2.61864200    0.27719000   -2.98483800 
 H                 -0.98698600   -0.10921000   -2.37055000 
 H                 -1.56244700   -0.86814500   -3.84930500 
 C                 -1.89635200   -1.09610400    1.59404100 
 C                 -1.97884500   -0.09758900    2.59873100 
 C                 -1.81999100   -2.75809100    3.41468000 
 C                 -1.94911900   -0.41936900    3.94492300 
 H                 -2.10277900    0.93913300    2.30974300 
 C                 -1.84062400   -1.75814300    4.36573400 
 H                 -1.77497700   -3.80313300    3.71154900 
 H                 -2.02069200    0.37483000    4.68386000 
 H                 -1.79870400   -1.99987700    5.42364400 
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 H                  2.69051700   -0.19931800   -2.56047400 
 N                  2.92765000   -1.96838400    1.72276300 
 O                  1.72228900   -1.80210000    1.95057200 
 O                  3.68461800   -2.54715800    2.50229000 
 C                 -3.76191600    0.87762500   -0.32066300 
 C                 -4.73809400   -0.15081300   -0.18361200 
 C                 -5.61893000    2.43813300   -0.78710200 
 C                 -6.08049400    0.11051000   -0.34824400 
 H                 -4.41899400   -1.15468100    0.06820000 
 C                 -6.52963700    1.41485000   -0.66169600 
 H                 -5.94932200    3.44888300   -1.01411700 
 H                 -6.80241500   -0.69310100   -0.23168300 
 H                 -7.59117400    1.60580900   -0.79290600 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
13a 
 
 SCF Energy = -2291.93976346 
 
 P                  0.12995100    1.00395000    0.34610300 
 C                 -1.40066700    1.48273000   -0.64029200 
 C                 -2.40471500    0.55223000   -0.93643700 
 C                 -3.47608400    0.90168400   -1.83271900 
 C                 -4.47791200   -0.03465600   -2.22156000 
 H                 -4.44096000   -1.04184100   -1.82279600 
 C                 -5.48133400    0.31748300   -3.09645400 
 H                 -6.22955000   -0.41716000   -3.38089600 
 C                 -5.54869000    1.62787500   -3.62866800 
 H                 -6.34839300    1.89281000   -4.31466000 
 C                 -4.59829500    2.55787900   -3.27773600 
 H                 -4.63320700    3.56643100   -3.68245600 
 C                 -3.54534600    2.22025200   -2.38510500 
 C                 -2.54904000    3.15502700   -2.01878600 
 H                 -2.60266800    4.16799000   -2.41035000 
 C                 -1.62442200   -1.87841300   -0.61540400 
 C                 -2.45481700   -0.80214500   -0.28713200 
 C                 -3.43049000   -0.95082800    0.77431800 
 C                 -4.30466000    0.10565700    1.16676400 
 H                 -4.24707700    1.06253800    0.66319900 
 C                 -5.22910800   -0.06253100    2.17691300 
 H                 -5.88255600    0.76347000    2.44476400 
 C                 -5.33835800   -1.29298000    2.86390800 
 H                 -6.07323200   -1.41272400    3.65488300 
 C                 -4.50065600   -2.33074100    2.52422500 
 H                 -4.55829200   -3.28366300    3.04494700 
 C                 -3.53793700   -2.18345400    1.49191500 
 C                 -2.64345900   -3.22843200    1.15769700 
 H                 -2.68443700   -4.16118700    1.71445500 
 C                 -1.51531000    2.79479400   -1.18925300 
 H                 -0.77951400    3.54980100   -0.95206800 
 C                 -1.72467300   -3.07995600    0.15641700 
 H                 -1.04170700   -3.89419900   -0.03024900 
 N                 -0.59950000   -1.85594100   -1.64602400 
 C                 -0.78356000   -0.93890200   -2.80513900 
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 H                  0.04595400   -1.11493200   -3.48974800 
 H                 -1.73149000   -1.14436100   -3.32062500 
 H                 -0.74937000    0.10215000   -2.51508000 
 C                 -0.35798500   -3.20102900   -2.25167600 
 H                 -1.29027300   -3.58545000   -2.68888400 
 H                  0.39355100   -3.08709200   -3.03170800 
 H                  0.05290600   -3.90439500   -1.53694700 
 C                 -0.61439800    0.81912800    2.07561100 
 C                  0.26947400    0.04549400    3.07315500 
 C                 -1.15404300    2.13245400    2.68221800 
 H                 -1.48155500    0.18092000    1.87957900 
 C                 -0.49163500   -0.21107300    4.38590900 
 H                  1.18660900    0.60625400    3.29187900 
 H                  0.57478200   -0.90617500    2.62392200 
 C                 -1.89969700    1.85933600    4.00179400 
 H                 -1.82621600    2.62990800    1.97251100 
 H                 -0.32908200    2.82862900    2.87996900 
 C                 -1.02236600    1.09175100    5.00128800 
 H                  0.16450600   -0.73069300    5.09563400 
 H                 -1.33508600   -0.88732300    4.18516800 
 H                 -2.23447600    2.81003400    4.43684400 
 H                 -2.80457800    1.27409700    3.78697100 
 H                 -0.17397900    1.72433000    5.30354100 
 H                 -1.59086200    0.87624600    5.91487400 
 C                  1.12903000    2.60985700    0.36237100 
 C                  2.19601000    2.70384100    1.47738500 
 C                  1.79077200    2.86871100   -1.01097800 
 H                  0.40284200    3.40814200    0.56680000 
 C                  2.89677700    4.07497500    1.44520000 
 H                  2.94191200    1.91533300    1.34978100 
 H                  1.74638100    2.55512100    2.46356000 
 C                  2.50144400    4.23208000   -1.04703200 
 H                  1.06315100    2.80670800   -1.82651700 
 H                  2.51739100    2.07404200   -1.19795600 
 C                  3.53660500    4.35544600    0.07915700 
 H                  3.65521900    4.11154100    2.23737800 
 H                  2.16564400    4.86474100    1.67571500 
 H                  2.98020600    4.36755000   -2.02475100 
 H                  1.75730500    5.03751300   -0.94899300 
 H                  4.34528500    3.63118100   -0.09398600 
 H                  3.99661700    5.35165000    0.06937400 
 Pd                 1.27353500   -1.04181600   -0.44115100 
 C                  3.08738400   -0.49938200    0.21867600 
 C                  4.08684000   -0.09876700   -0.68746900 
 C                  3.48594900   -0.62695100    1.55964400 
 C                  5.39531400    0.21292200   -0.28741700 
 C                  4.78150100   -0.32087800    1.97348600 
 H                  2.77636700   -0.99687200    2.28953300 
 C                  5.74095900    0.11548700    1.05173700 
 H                  6.11347600    0.51134400   -1.04129900 
 H                  5.04783400   -0.43476100    3.02156200 
 H                  6.75039300    0.35436500    1.37258000 
 Br                 2.37954200   -3.39661100   -0.33334800 
 N                  3.81830900   -0.01997600   -2.12844200 
 O                  2.65095100   -0.15055300   -2.52574700 
 O                  4.76308600    0.18545800   -2.88960600 
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 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
13b 
 
 SCF Energy = -2291.94015228 
 
 P                 -0.19039400    0.46090800    0.92680100 
 C                  1.37073300   -0.42351600    1.48325600 
 C                  2.37363100   -0.79455800    0.58039600 
 C                  3.49125300   -1.59036300    1.02351700 
 C                  4.50058500   -2.04827300    0.12813700 
 H                  4.43462700   -1.78348400   -0.92101800 
 C                  5.54780000   -2.82508000    0.57189200 
 H                  6.30072500   -3.16678000   -0.13294400 
 C                  5.65399000   -3.18187500    1.93763200 
 H                  6.48766300   -3.79162900    2.27451500 
 C                  4.69891300   -2.75652800    2.83140900 
 H                  4.76450100   -3.02529300    3.88291500 
 C                  3.60225700   -1.96272400    2.40066100 
 C                  2.60874400   -1.51026500    3.30106700 
 H                  2.70017200   -1.75293600    4.35703400 
 C                  1.57460300   -0.75269100   -1.86415000 
 C                  2.39549900   -0.28376500   -0.83256500 
 C                  3.32325000    0.79695100   -1.08883200 
 C                  4.18832700    1.32453800   -0.08331300 
 H                  4.16305200    0.90940000    0.91624400 
 C                  5.06105700    2.35667600   -0.35479200 
 H                  5.70849900    2.72914000    0.43454100 
 C                  5.12628800    2.93415600   -1.64435700 
 H                  5.82145200    3.74463600   -1.84402200 
 C                  4.29718900    2.46381600   -2.63578500 
 H                  4.32078900    2.89809300   -3.63238500 
 C                  3.38574200    1.40444500   -2.38310900 
 C                  2.50296200    0.93384900   -3.38125300 
 H                  2.51419200    1.39951600   -4.36340300 
 C                  1.53659700   -0.77751400    2.85659300 
 H                  0.81482800   -0.45159000    3.59108200 
 C                  1.63640700   -0.09629700   -3.13225900 
 H                  0.98092700   -0.40103700   -3.93210900 
 N                  0.63168000   -1.85292800   -1.70926700 
 C                  1.14960100   -3.04492700   -0.98308700 
 H                  0.34760100   -3.78347600   -0.95686400 
 H                  2.02610500   -3.46222000   -1.49865700 
 H                  1.41796400   -2.80065700    0.03851000 
 C                  0.11094700   -2.34909300   -3.01765700 
 H                  0.94105900   -2.62061100   -3.68476800 
 H                 -0.50696200   -3.22105500   -2.82243600 
 H                 -0.52584800   -1.60285000   -3.49105100 
 C                  0.48619900    2.17548800    0.48055800 
 C                 -0.44313000    3.01289600   -0.42192400 
 C                  1.01118000    2.97851600    1.69100900 
 H                  1.35605800    1.92474100   -0.13323200 
 C                  0.23796700    4.32862500   -0.84123800 
 H                 -1.38791700    3.24195700    0.08690100 
 H                 -0.68841700    2.43695900   -1.31724600 
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 C                  1.68350400    4.28628300    1.23409100 
 H                  1.72465200    2.37462100    2.26536100 
 H                  0.18768100    3.22977500    2.37107300 
 C                  0.73986500    5.13101600    0.36675100 
 H                 -0.46350800    4.92414100   -1.43824000 
 H                  1.08916700    4.09596000   -1.49732200 
 H                  2.00927700    4.85547100    2.11464100 
 H                  2.58955600    4.04516400    0.66105100 
 H                 -0.11904500    5.45668800    0.97304200 
 H                  1.24894500    6.04376100    0.03202800 
 C                 -1.13953400    0.70433500    2.54249400 
 C                 -2.26130000    1.76631700    2.45493900 
 C                 -1.72530000   -0.61724800    3.09321500 
 H                 -0.40199700    1.08880700    3.26107100 
 C                 -2.91194200    1.98286900    3.83414200 
 H                 -3.02393600    1.44239000    1.74029500 
 H                 -1.87050400    2.72089700    2.09286900 
 C                 -2.37127900   -0.40584700    4.47336100 
 H                 -0.96891800   -1.40517600    3.15216200 
 H                 -2.47965300   -0.98070500    2.39286200 
 C                 -3.45917400    0.67626300    4.42488400 
 H                 -3.71388000    2.72644000    3.74388000 
 H                 -2.16673000    2.40969100    4.52249000 
 H                 -2.79104200   -1.35491400    4.82979600 
 H                 -1.59820800   -0.11383900    5.20086500 
 H                 -4.29303700    0.32177100    3.80267500 
 H                 -3.86764000    0.85372400    5.42788200 
 Pd                -1.33616400   -0.97797400   -0.68911800 
 C                 -3.16574700   -0.18696200   -0.44680200 
 C                 -4.12924900   -0.67631400    0.45275100 
 C                 -3.59675800    0.85090000   -1.29499400 
 C                 -5.40375700   -0.11912300    0.54283000 
 C                 -4.86986800    1.43702300   -1.20597300 
 C                 -5.77613400    0.95500600   -0.27579500 
 H                 -6.11827900   -0.53755100    1.24756700 
 H                 -5.12016600    2.24328500   -1.88488400 
 H                 -6.76911700    1.38857900   -0.20540000 
 Br                -2.63595600   -3.18834100   -1.21786500 
 H                 -3.88927500   -1.53809700    1.06261200 
 N                 -2.73558300    1.35472300   -2.36112100 
 O                 -3.01583200    2.43081100   -2.89110700 
 O                 -1.75063000    0.67653700   -2.69773600 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
14a 
 
 SCF Energy = -2291.93749809 
 
 C                 -1.13569400    1.24951800    0.19596900 
 C                 -2.29885300    1.04793200   -0.64528700 
 C                 -3.56066300    0.73652300   -0.02580900 
 C                 -3.71665800    0.71153200    1.32708900 
 C                 -2.64168400    0.99873400    2.21394300 
 C                 -0.04616200    2.19904700   -0.30225600 
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 C                  1.28043700    1.82220700   -0.50701900 
 C                  2.22324500    2.76392900   -1.01051600 
 C                  1.86483900    4.05937800   -1.28175600 
 C                 -0.42538300    3.57660600   -0.52179400 
 H                 -4.40459600    0.48226100   -0.65264700 
 H                  3.24203200    2.44705400   -1.20570900 
 H                  2.59232900    4.76164800   -1.68171500 
 P                  1.77582300    0.08427100   -0.10387400 
 Pd                -0.33814700   -1.03021100    0.16149500 
 C                 -2.09562000   -2.05148300    0.39489800 
 C                 -2.93118700   -2.46333600   -0.65275100 
 C                 -2.52241100   -2.39390500    1.68906600 
 C                 -4.14099000   -3.14597700   -0.45387900 
 C                 -3.71525700   -3.08137200    1.91288900 
 C                 -4.53162600   -3.46119200    0.83919000 
 H                 -4.00581900   -3.33586400    2.92981700 
 C                 -3.53512900    1.28362000   -2.77031800 
 H                 -3.94369500    0.28900200   -2.99452600 
 H                 -4.28385800    1.88058200   -2.24495700 
 H                 -3.31543300    1.78660200   -3.71508600 
 H                 -4.68675100    0.45917000    1.74782700 
 C                  2.95306300   -0.39971800   -1.49461300 
 C                  3.63204400   -1.76644100   -1.25103500 
 C                  2.23518200   -0.38958900   -2.86181500 
 H                  3.73898700    0.36942700   -1.51700100 
 C                  4.58284000   -2.13283500   -2.40374400 
 H                  2.86234300   -2.53849500   -1.14253900 
 H                  4.19273000   -1.75571600   -0.31024900 
 C                  3.18970700   -0.76877300   -4.00725100 
 H                  1.40027900   -1.10214800   -2.83508200 
 H                  1.80968700    0.60152500   -3.05874500 
 C                  3.86254200   -2.12462000   -3.75819500 
 H                  5.02131700   -3.11974100   -2.20981100 
 H                  5.42026600   -1.41842900   -2.43328500 
 H                  2.63440600   -0.78277500   -4.95372000 
 H                  3.96285300    0.00804200   -4.10909400 
 H                  4.56657500   -2.35524300   -4.56798800 
 H                  3.09901300   -2.91530800   -3.76683800 
 C                  2.84492500    0.28277900    1.45291300 
 C                  2.90026800   -1.01071900    2.29554700 
 C                  4.25481300    0.87404100    1.24146300 
 H                  2.27355500    1.01266100    2.04005400 
 C                  3.62049900   -0.76821800    3.63238100 
 H                  3.41862400   -1.80273300    1.74224300 
 H                  1.88828500   -1.38571800    2.47200700 
 C                  4.96730300    1.10082700    2.58872700 
 H                  4.86033500    0.19029300    0.63248200 
 H                  4.19938400    1.82406500    0.69831500 
 C                  5.02464400   -0.18337000    3.42702100 
 H                  3.67488800   -1.70955100    4.19324100 
 H                  3.02485400   -0.07392200    4.24444200 
 H                  5.97813400    1.48856300    2.40727600 
 H                  4.43117600    1.87868200    3.15252000 
 H                  5.50335200    0.01704100    4.39410000 
 H                  5.65463600   -0.92421500    2.91281300 
 H                 -1.89987500   -2.12881200    2.53822800 
 H                 -4.74031100   -3.42145000   -1.31362400 
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 H                 -5.45490500   -4.00667900    1.01159500 
 N                 -2.29106900    1.20823500   -2.00171100 
 C                 -1.08944800    1.09141200   -2.82038300 
 H                 -1.35205700    0.57156800   -3.74549200 
 H                 -0.65697900    2.06972500   -3.06230100 
 H                 -0.35380100    0.48060900   -2.30558700 
 C                 -1.36583900    1.30562100    1.65385800 
 C                 -0.36437600    1.74911700    2.55373900 
 C                 -2.83971500    1.03419600    3.61447000 
 C                 -0.58285700    1.79671700    3.91861700 
 H                  0.58652400    2.08282500    2.15991100 
 C                 -1.82327500    1.41487700    4.46627700 
 H                 -3.81967600    0.77014300    4.00535800 
 H                  0.21309400    2.14171300    4.57338100 
 H                 -1.98217900    1.44421000    5.54014200 
 Br                 0.66902600   -3.38570300    0.44838400 
 N                 -2.57952800   -2.15858200   -2.03977600 
 O                 -1.40687700   -1.88168800   -2.31300800 
 O                 -3.47878300   -2.18662800   -2.89154900 
 C                  0.54269300    4.50587600   -1.03108000 
 C                  0.16983300    5.85588100   -1.27005700 
 C                 -1.10554700    6.29593100   -1.00301900 
 H                  0.91958000    6.53822900   -1.66330800 
 C                 -1.73115700    4.07660700   -0.24675000 
 C                 -2.06011500    5.39440900   -0.47794800 
 H                 -1.37933000    7.33141000   -1.18531500 
 H                 -2.48133700    3.41413100    0.16722800 
 H                 -3.06301800    5.74518500   -0.25029700 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
14b 
 
 SCF Energy = -2291.93532485 
 
 C                 -1.07899800    1.41060600   -0.07350400 
 C                 -1.96326000    1.34513600   -1.20634700 
 C                 -3.35655600    1.07122500   -0.98675900 
 C                 -3.87498400    0.92160900    0.26568000 
 C                 -3.06951800    1.05092500    1.42990600 
 C                  0.17440900    2.27275400   -0.15440600 
 C                  1.47402800    1.78153700   -0.02504100 
 C                  2.58033400    2.67847500   -0.07213000 
 C                  2.40564900    4.02705000   -0.24668400 
 C                 -0.03037600    3.69779600   -0.28901600 
 H                 -4.00659900    0.93501300   -1.84039200 
 H                  3.58856900    2.29003400    0.01650100 
 H                  3.26445500    4.69239900   -0.29365500 
 P                  1.73290300   -0.04517000    0.16678700 
 Pd                -0.39578300   -1.00946500   -0.39251000 
 C                 -2.19430600   -1.88477100   -0.77369900 
 C                 -2.71272700   -2.00553400   -2.07339100 
 C                 -2.97617300   -2.42869800    0.25396100 
 C                 -3.95328800   -2.59304600   -2.31578900 
 C                 -4.22354700   -3.03331800    0.03535900 
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 C                 -4.71791800   -3.10599200   -1.25800800 
 H                 -4.76944500   -3.43704200    0.87971800 
 C                 -2.54853100    1.92136000   -3.53296100 
 H                 -2.99139700    1.01784700   -3.97829600 
 H                 -3.35052400    2.55070100   -3.13993300 
 H                 -2.04847000    2.48291200   -4.32639600 
 H                 -4.93156100    0.69374800    0.38390800 
 C                  3.31620400   -0.36221100   -0.81078300 
 C                  3.92917900   -1.75954400   -0.56948400 
 C                  3.07921600   -0.12711300   -2.31922200 
 H                  4.04941200    0.37864300   -0.46130100 
 C                  5.21391600   -1.95265600   -1.39546700 
 H                  3.19650200   -2.52802500   -0.83674500 
 H                  4.16494000   -1.89527400    0.49030200 
 C                  4.36697500   -0.33244600   -3.13578100 
 H                  2.31268100   -0.83132300   -2.66714100 
 H                  2.69713800    0.88666800   -2.49029000 
 C                  4.97261500   -1.72080100   -2.89257200 
 H                  5.60486100   -2.96330300   -1.22306400 
 H                  5.98704200   -1.25338700   -1.04082300 
 H                  4.14973400   -0.18887100   -4.20211800 
 H                  5.10161800    0.43936100   -2.85964300 
 H                  5.91017300   -1.83121100   -3.45249500 
 H                  4.28342800   -2.48822500   -3.27166800 
 C                  2.14901300   -0.28448800    1.99358500 
 C                  2.00391500   -1.75892600    2.44016400 
 C                  3.48255000    0.32687700    2.47191400 
 H                  1.33615000    0.26332300    2.48743300 
 C                  2.17013800   -1.88233700    3.96438800 
 H                  2.75570700   -2.38513400    1.94582000 
 H                  1.02558000   -2.14418400    2.14000700 
 C                  3.64223000    0.17748400    3.99681400 
 H                  4.32506300   -0.17383100    1.97574200 
 H                  3.53930400    1.38800700    2.20148000 
 C                  3.49965300   -1.28373500    4.44528200 
 H                  2.09794700   -2.93788600    4.25444800 
 H                  1.33534000   -1.36572900    4.46004800 
 H                  4.61444400    0.58299300    4.30611700 
 H                  2.87576600    0.78651600    4.49859800 
 H                  3.57877500   -1.35270500    5.53783600 
 H                  4.33370600   -1.87182100    4.03373400 
 H                 -4.32423100   -2.66720400   -3.33577400 
 H                 -5.68055600   -3.57187300   -1.44752400 
 N                 -1.56699600    1.62117600   -2.49569000 
 C                 -0.21189600    1.38089100   -2.97601200 
 H                 -0.26197400    1.06836900   -4.02400100 
 H                  0.42851900    2.26800100   -2.90552000 
 H                  0.23634800    0.56335800   -2.40537900 
 C                 -1.68078500    1.34044500    1.26390700 
 C                 -0.94473100    1.63908400    2.43854600 
 C                 -3.63465300    0.95802600    2.72460400 
 C                 -1.52157300    1.56366400    3.69276600 
 H                  0.08659100    1.95662600    2.35140800 
 C                 -2.87264700    1.19638800    3.84855500 
 H                 -4.68902900    0.70728400    2.81356800 
 H                 -0.92252800    1.79752800    4.56894000 
 H                 -3.31047200    1.12271100    4.83943600 
 158
 Br                 0.53886700   -3.20638200   -1.36363300 
 H                 -2.12379600   -1.64543800   -2.91214600 
 N                 -2.49503900   -2.39484300    1.63799100 
 O                 -1.41306800   -1.83613600    1.87752000 
 O                 -3.18123300   -2.91907800    2.51472200 
 C                  1.10323700    4.57498500   -0.35542600 
 C                  0.90862300    5.97357200   -0.51261700 
 C                 -1.32340400    4.29430900   -0.35176900 
 C                 -0.35638800    6.50802000   -0.58518100 
 H                  1.78476700    6.61531100   -0.56649500 
 C                 -1.48110500    5.65535200   -0.49511500 
 H                 -2.20426400    3.66913500   -0.27232300 
 H                 -0.49487600    7.57938200   -0.70112200 
 H                 -2.48119000    6.07854300   -0.53364700 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
15a 
 
 SCF Energy = -2291.93693973 
 
 P                  0.28354100    1.28731700    0.24026300 
 C                  1.67354100    0.63498600    1.32660800 
 C                  2.29949800   -0.58229600    1.03371500 
 C                  3.25956800   -1.14915700    1.94328200 
 C                  3.88220900   -2.41047200    1.71152000 
 H                  3.63655000   -2.96388300    0.81222800 
 C                  4.78451700   -2.93601800    2.60946900 
 H                  5.24298900   -3.90062900    2.40952700 
 C                  5.12255000   -2.23136800    3.79024100 
 H                  5.83904800   -2.65623800    4.48769200 
 C                  4.53755500   -1.01427900    4.05034300 
 H                  4.78134200   -0.46460800    4.95622700 
 C                  3.59662600   -0.45051600    3.14667400 
 C                  2.96586100    0.78920400    3.40435700 
 H                  3.21781500    1.33247000    4.31201300 
 C                  0.88056900   -2.05754100   -0.52331300 
 C                  2.03407700   -1.31509000   -0.25126700 
 C                  3.06241800   -1.20180100   -1.26527200 
 C                  4.26169600   -0.45944500   -1.05505600 
 H                  4.41663900    0.04692000   -0.11066900 
 C                  5.23267400   -0.37117700   -2.03053700 
 H                  6.13605900    0.19980000   -1.83399800 
 C                  5.06765500   -1.01277100   -3.27945500 
 H                  5.84157700   -0.93617100   -4.03781600 
 C                  3.91698800   -1.72625300   -3.52479600 
 H                  3.76324900   -2.21996300   -4.48137300 
 C                  2.90112600   -1.83103800   -2.53922400 
 C                  1.69859000   -2.53480500   -2.78491000 
 H                  1.54141000   -2.99588600   -3.75674300 
 C                  2.03693000    1.30349100    2.53259100 
 H                  1.57621200    2.24706300    2.79080400 
 C                  0.73224300   -2.63694100   -1.82273900 
 H                 -0.17486700   -3.16394600   -2.07588600 
 N                 -0.23932500   -2.24493400    0.40158500 
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 C                  0.05081200   -2.18805100    1.86456400 
 H                 -0.87649200   -2.41873200    2.38557000 
 H                  0.82325400   -2.92048400    2.13271700 
 H                  0.36061500   -1.20149700    2.17821500 
 C                 -0.92094100   -3.55968100    0.20319300 
 H                 -0.20060500   -4.37964000    0.32709300 
 H                 -1.70312100   -3.64720700    0.95524100 
 H                 -1.40578700   -3.63424300   -0.76383700 
 C                  1.25307100    1.90589000   -1.25798200 
 C                  0.37339000    2.24078900   -2.48160100 
 C                  2.25851600    3.03649800   -0.94943000 
 H                  1.83816300    1.01997000   -1.53141100 
 C                  1.25202200    2.56373700   -3.70275700 
 H                 -0.27657900    3.09639200   -2.26722500 
 H                 -0.29549100    1.40371300   -2.70389500 
 C                  3.11425900    3.36823500   -2.18620700 
 H                  2.91139500    2.75020600   -0.11548900 
 H                  1.72268600    3.94125300   -0.63455200 
 C                  2.24463900    3.69772000   -3.40800700 
 H                  0.61214800    2.82780200   -4.55427200 
 H                  1.81013000    1.66215600   -3.99647800 
 H                  3.78433500    4.20665400   -1.95454000 
 H                  3.75627400    2.50667900   -2.41883200 
 H                  1.68737500    4.62718100   -3.21777600 
 H                  2.87893300    3.88795100   -4.28344100 
 C                 -0.31387800    2.79819900    1.20419900 
 C                 -1.03954900    3.88262300    0.37483700 
 C                 -1.21184600    2.33609900    2.37694900 
 H                  0.58562200    3.28053800    1.60817200 
 C                 -1.44952300    5.06427300    1.27237400 
 H                 -1.92692800    3.45570900   -0.10019600 
 H                 -0.39378200    4.25318600   -0.42743200 
 C                 -1.64290800    3.51743500    3.26205900 
 H                 -0.70033900    1.58414500    2.99000800 
 H                 -2.09937000    1.84148500    1.96346100 
 C                 -2.33574800    4.61341200    2.44087100 
 H                 -1.97233400    5.81357800    0.66442900 
 H                 -0.54786400    5.55733800    1.66818200 
 H                 -2.30711500    3.15393400    4.05609300 
 H                 -0.75901400    3.94229600    3.76308500 
 H                 -3.28347200    4.22249700    2.04487200 
 H                 -2.58849300    5.46815300    3.08154800 
 Pd                -1.54985300   -0.41839300   -0.20130100 
 C                 -3.13034200   -1.62431600   -0.59214200 
 C                 -4.10235200   -1.96778400    0.35766600 
 C                 -3.31534600   -2.14687600   -1.88331800 
 C                 -5.20087100   -2.78937100    0.06791000 
 C                 -4.38754400   -2.98641200   -2.18841600 
 H                 -2.62134000   -1.86786000   -2.67165300 
 C                 -5.33559100   -3.31220700   -1.21061700 
 H                 -5.92037000   -3.00318800    0.84950400 
 H                 -4.49619900   -3.37405100   -3.19870500 
 H                 -6.17553600   -3.95814000   -1.44824800 
 N                 -4.00912000   -1.46779800    1.73539100 
 O                 -2.91625200   -1.04278800    2.13841400 
 O                 -5.01541600   -1.51169500    2.44108000 
 Br                -3.09854600    1.31991600   -1.25740900 
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 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
15b 
 
 SCF Energy = -2291.93565783 
 
 P                 -0.29386900    1.33569900   -0.02776800 
 C                 -1.79020500    0.92806200   -1.09785400 
 C                 -2.39043700   -0.33542000   -1.05194300 
 C                 -3.40863900   -0.69954900   -2.00096300 
 C                 -4.00550500   -1.99380300   -2.02115600 
 H                 -3.69544300   -2.72948400   -1.28758800 
 C                 -4.96363900   -2.32202700   -2.95447400 
 H                 -5.40100100   -3.31667100   -2.95010300 
 C                 -5.38750000   -1.37504800   -3.91817700 
 H                 -6.14765300   -1.64639600   -4.64540900 
 C                 -4.83221400   -0.11675300   -3.93020800 
 H                 -5.14376300    0.61990400   -4.66678400 
 C                 -3.83525400    0.24768600   -2.98530400 
 C                 -3.23862200    1.53059200   -2.98482300 
 H                 -3.56434600    2.26613100   -3.71656800 
 C                 -0.87258200   -2.06766900    0.09504600 
 C                 -2.05097100   -1.31856400    0.03065200 
 C                 -3.02392100   -1.42651000    1.09922400 
 C                 -4.24288600   -0.68598900    1.10134100 
 H                 -4.46146700   -0.01194000    0.28283500 
 C                 -5.15557700   -0.80811100    2.12785800 
 H                 -6.07553100   -0.23071200    2.09553400 
 C                 -4.90919300   -1.67222200    3.21947900 
 H                 -5.63832900   -1.75994900    4.01994500 
 C                 -3.73625300   -2.39014000    3.26105500 
 H                 -3.51842100   -3.05039000    4.09701500 
 C                 -2.77764700   -2.27953100    2.21992200 
 C                 -1.54515600   -2.97166600    2.26943500 
 H                 -1.31566000   -3.58947400    3.13364500 
 C                 -2.25298400    1.85100300   -2.08311900 
 H                 -1.82710400    2.84262900   -2.13925000 
 C                 -0.63210900   -2.86455300    1.25688200 
 H                  0.30965600   -3.37376800    1.37597900 
 N                  0.17782700   -2.07163800   -0.93157900 
 C                 -0.26296200   -1.83273500   -2.33602100 
 H                  0.60989800   -1.96031600   -2.97746800 
 H                 -1.03582900   -2.55575400   -2.62945300 
 H                 -0.63957200   -0.82748400   -2.47372600 
 C                  0.90043100   -3.38151000   -0.96158900 
 H                  0.18206500   -4.20490000   -1.06956000 
 H                  1.57919700   -3.37564600   -1.81184200 
 H                  1.49927000   -3.52026400   -0.06854500 
 C                 -1.00676300    1.42791600    1.71460900 
 C                  0.09158000    1.45395600    2.80206800 
 C                 -2.07734700    2.51582600    1.93882500 
 H                 -1.50980200    0.46021100    1.81283800 
 C                 -0.53759500    1.34884500    4.20203500 
 H                  0.67698500    2.37798300    2.73890700 
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 H                  0.79720000    0.63184700    2.64117300 
 C                 -2.67731800    2.41073100    3.35351000 
 H                 -2.87280000    2.42322400    1.18888900 
 H                 -1.63841700    3.51341400    1.81263900 
 C                 -1.58890300    2.44298200    4.43732600 
 H                  0.25091600    1.40527500    4.96276300 
 H                 -1.01056400    0.36200200    4.31260900 
 H                 -3.39727500    3.22526500    3.50828800 
 H                 -3.24320600    1.47185300    3.43368300 
 H                 -1.09645500    3.42703000    4.42978000 
 H                 -2.04273100    2.32924500    5.43026100 
 C                  0.10530300    3.10444500   -0.57472100 
 C                  0.87990300    3.97805700    0.43985700 
 C                  0.85554000    3.08407300   -1.92930000 
 H                 -0.86670500    3.59784500   -0.71124000 
 C                  1.07810200    5.40036300   -0.11770800 
 H                  1.85142200    3.52547500    0.65413800 
 H                  0.33874300    4.04389800    1.38768200 
 C                  1.05963500    4.50458600   -2.48194600 
 H                  0.32337900    2.47144800   -2.66733000 
 H                  1.83098400    2.60953500   -1.77352300 
 C                  1.79817100    5.39423500   -1.47276400 
 H                  1.64206300    5.99716500    0.61034500 
 H                  0.09782100    5.88947500   -0.22975900 
 H                  1.61552900    4.45378800   -3.42697000 
 H                  0.08225200    4.95404400   -2.71822000 
 H                  2.81968800    5.01273700   -1.33725400 
 H                  1.88993900    6.41702500   -1.86062600 
 Pd                 1.58163900   -0.34059700   -0.33075200 
 C                  3.22375200   -1.46084600   -0.75997300 
 C                  3.97370100   -2.22160600    0.14683500 
 C                  3.70278600   -1.42661700   -2.07968300 
 C                  5.13616000   -2.91563000   -0.21087300 
 C                  4.84424300   -2.13235600   -2.46714100 
 H                  3.18916600   -0.81314900   -2.81594300 
 C                  5.56631900   -2.88091500   -1.53118500 
 H                  5.67399800   -3.47054200    0.54904700 
 H                  5.18149200   -2.08429200   -3.49994600 
 H                  6.45931800   -3.42345600   -1.82685600 
 N                  3.55672300   -2.33277400    1.54981000 
 O                  2.36424500   -2.13512200    1.82348100 
 O                  4.40009800   -2.65042000    2.38572300 
 Br                 3.38732800    1.31719500    0.39616100 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
16a 
 
 SCF Energy = -2291.94614884 
 
 C                 -1.59516700   -1.47625600   -0.70875000 
 C                 -0.63345900   -2.00504900   -1.58425400 
 C                 -0.06527600   -3.27977800   -1.28162500 
 C                 -0.42557200   -3.99159900   -0.16660700 
 C                 -1.39297400   -3.49092800    0.73559400 
 162
 C                 -2.32137600   -0.18963900   -0.98182700 
 C                 -1.83758000    1.06796300   -0.62073800 
 C                 -2.63919600    2.22149400   -0.89462700 
 C                 -3.86704200    2.13688200   -1.49539100 
 C                 -4.40524600    0.87672500   -1.85513700 
 H                  0.66025600   -3.70871900   -1.96222100 
 H                 -2.27988000    3.20026400   -0.60090700 
 H                 -4.44757700    3.03645800   -1.68586400 
 P                 -0.26252200    1.35966800    0.34379700 
 Pd                 1.71651200   -0.15287500    0.24373500 
 C                  1.09330800   -1.71218900   -3.30381500 
 H                  1.82487400   -1.87150100   -2.51006600 
 H                  1.03199700   -2.63316300   -3.91268300 
 H                  1.45763100   -0.90925300   -3.95339700 
 H                  0.02569400   -4.96175900    0.02767800 
 C                  0.30074100    3.07346300   -0.25181800 
 C                  1.70413100    3.44117000    0.29238100 
 C                  0.31342500    3.19871800   -1.79567300 
 H                 -0.41250000    3.80707100    0.15399400 
 C                  2.11292700    4.86052000   -0.14031200 
 H                  2.43383700    2.72024000   -0.09481000 
 H                  1.74166400    3.36730900    1.38131700 
 C                  0.71814000    4.61689300   -2.23421700 
 H                  1.02613700    2.47478300   -2.20570600 
 H                 -0.66305700    2.95230400   -2.22085600 
 C                  2.08512200    5.02120300   -1.66583300 
 H                  3.11333300    5.08627200    0.25061300 
 H                  1.42776400    5.59038900    0.31695800 
 H                  0.72987700    4.67007500   -3.33044000 
 H                 -0.04422400    5.33517000   -1.89537200 
 H                  2.32665500    6.05456900   -1.94628800 
 H                  2.86245300    4.38324400   -2.11039500 
 C                 -0.92709800    1.57009000    2.11191600 
 C                  0.11836400    2.16682900    3.08042900 
 C                 -2.26952300    2.31005900    2.28168600 
 H                 -1.07800500    0.52221000    2.40472700 
 C                 -0.36266800    2.06035500    4.53760200 
 H                  0.27134100    3.22830800    2.84162300 
 H                  1.07954000    1.65649700    2.97195000 
 C                 -2.75687600    2.22955000    3.74148600 
 H                 -2.15488800    3.36661500    1.99616400 
 H                 -3.03736100    1.88883300    1.62737600 
 C                 -1.71386600    2.76039900    4.73346600 
 H                  0.39281300    2.49430300    5.20520100 
 H                 -0.44819800    0.99887800    4.80697800 
 H                 -3.69990400    2.78262800    3.84260900 
 H                 -2.98164400    1.17960100    3.97895600 
 H                 -2.06909400    2.63034200    5.76385100 
 H                 -1.58660400    3.84288100    4.58048000 
 C                  3.47303500   -1.14644200    0.02379700 
 C                  4.08422800   -2.14629800    0.79481000 
 C                  4.19940500   -0.72872900   -1.10742700 
 C                  5.32837300   -2.66913300    0.43703800 
 H                  3.58083900   -2.51062500    1.68314200 
 C                  5.45279800   -1.23128500   -1.49118100 
 C                  6.01893700   -2.21660300   -0.70087800 
 H                  5.77488000   -3.44408400    1.05579400 
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 H                  5.93931800   -0.84685100   -2.38078800 
 H                  6.98680700   -2.63506700   -0.95936800 
 Br                 1.24837200   -1.26379900    2.45355300 
 N                 -0.18796700   -1.30409500   -2.74101000 
 C                 -1.14907800   -1.06282500   -3.81732300 
 H                 -1.36531900   -1.98152800   -4.39261300 
 H                 -2.08685600   -0.66965800   -3.43555300 
 H                 -0.72726500   -0.32369200   -4.50726200 
 C                 -1.99122100   -2.22048900    0.45550800 
 C                 -2.97216900   -1.74035300    1.37275100 
 C                 -1.78085200   -4.21737700    1.89163800 
 C                 -3.32653100   -2.46695800    2.48833300 
 H                 -3.45101900   -0.78531800    1.18691700 
 C                 -2.72832400   -3.72083200    2.75617900 
 H                 -1.30660200   -5.17732800    2.08239900 
 H                 -4.07750500   -2.07340300    3.16864500 
 H                 -3.01667700   -4.28300300    3.64004000 
 N                  3.59243700    0.27869200   -1.92268500 
 O                  2.43914000    0.69708100   -1.56640900 
 O                  4.13018300    0.72401400   -2.92505000 
 C                 -3.63272300   -0.29807300   -1.58863500 
 C                 -4.20006200   -1.55544300   -1.94736700 
 C                 -5.44549500   -1.63899200   -2.53093900 
 H                 -3.63634300   -2.46078800   -1.75581400 
 C                 -5.68556300    0.76082300   -2.45868800 
 C                 -6.19991400   -0.47122200   -2.79124700 
 H                 -5.85247100   -2.61208100   -2.79189700 
 H                 -6.25258900    1.66848300   -2.65154700 
 H                 -7.18123100   -0.55052600   -3.25103000 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
16a 
 
 SCF Energy = -2291.94918219 
 
 C                 -1.59012700   -1.48014700   -0.70439100 
 C                 -0.63318900   -1.99795300   -1.59153300 
 C                 -0.05455600   -3.27091400   -1.30176000 
 C                 -0.39949800   -3.99079700   -0.18702800 
 C                 -1.35946400   -3.49977500    0.72839500 
 C                 -2.32987900   -0.19921100   -0.96687600 
 C                 -1.85245700    1.06142100   -0.60851500 
 C                 -2.66408900    2.20933000   -0.87639100 
 C                 -3.89621000    2.11604100   -1.46716900 
 C                 -4.42882800    0.85207600   -1.82182100 
 H                  0.66640500   -3.69180000   -1.99228400 
 H                 -2.30870800    3.19085400   -0.58698900 
 H                 -4.48418600    3.01162100   -1.65363700 
 P                 -0.27010900    1.36269700    0.34081700 
 Pd                 1.71691300   -0.15416600    0.24713800 
 C                  1.07663500   -1.68232600   -3.32430100 
 H                  1.81717000   -1.83647100   -2.53782400 
 H                  1.01882100   -2.60226400   -3.93510800 
 H                  1.42723100   -0.87421200   -3.97502500 
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 H                  0.05922900   -4.95935000   -0.00250300 
 C                  0.28343300    3.07303500   -0.27170300 
 C                  1.68644000    3.45283200    0.26432000 
 C                  0.28855400    3.18459100   -1.81629300 
 H                 -0.43213300    3.80672100    0.12985400 
 C                  2.08585600    4.87064200   -0.18205100 
 H                  2.41851000    2.73272700   -0.11988000 
 H                  1.72807000    3.38838200    1.35372200 
 C                  0.68387500    4.60117000   -2.26857000 
 H                  1.00313700    2.46062500   -2.22296900 
 H                 -0.68886700    2.92953800   -2.23445800 
 C                  2.05065900    5.01819900   -1.70882600 
 H                  3.08676600    5.10495400    0.20248400 
 H                  1.39877900    5.60070500    0.27205300 
 H                  0.69126400    4.64497800   -3.36524600 
 H                 -0.08128800    5.31799600   -1.93301000 
 H                  2.28474500    6.05063100   -1.99888500 
 H                  2.83010200    4.38137700   -2.15125800 
 C                 -0.92115100    1.58507100    2.11208300 
 C                  0.13673600    2.17172800    3.07277800 
 C                 -2.25445800    2.33917300    2.28981100 
 H                 -1.08152000    0.53903300    2.40732300 
 C                 -0.33523000    2.06962900    4.53323500 
 H                  0.29687700    3.23205800    2.83409500 
 H                  1.09260100    1.65301400    2.95603200 
 C                 -2.73333800    2.26231500    3.75266700 
 H                 -2.12939500    3.39489800    2.00550400 
 H                 -3.03077900    1.92716000    1.63961800 
 C                 -1.67863600    2.78234300    4.73818500 
 H                  0.42883600    2.49624700    5.19573800 
 H                 -0.42960000    1.00897900    4.80386200 
 H                 -3.67047100    2.82407200    3.86050900 
 H                 -2.96630100    1.21437000    3.99112300 
 H                 -2.02839900    2.65498600    5.77076000 
 H                 -1.54196200    3.86366300    4.58515600 
 C                  3.47024700   -1.14885500    0.03046300 
 C                  4.07375000   -2.15646500    0.79711700 
 C                  4.20398100   -0.72342200   -1.09288500 
 C                  5.31932700   -2.67883400    0.44365600 
 H                  3.56378600   -2.52758100    1.67883200 
 C                  5.45914400   -1.22557800   -1.47179700 
 C                  6.01831300   -2.21823300   -0.68566800 
 H                  5.76003700   -3.45992500    1.05881700 
 H                  5.95254300   -0.83502300   -2.35490900 
 H                  6.98736100   -2.63597700   -0.94093300 
 Br                 1.24292600   -1.24665800    2.41602600 
 N                 -0.20334800   -1.28804300   -2.74877700 
 C                 -1.17586100   -1.04871200   -3.81529400 
 H                 -1.39093300   -1.96638600   -4.39271800 
 H                 -2.11278200   -0.66417900   -3.42288300 
 H                 -0.76587500   -0.30333000   -4.50562900 
 C                 -1.96832200   -2.23172100    0.46093200 
 C                 -2.94101900   -1.76092700    1.39158400 
 C                 -1.72997000   -4.23374200    1.88547400 
 C                 -3.27783000   -2.49379200    2.50853800 
 H                 -3.42702300   -0.80756800    1.21569100 
 C                 -2.66947700   -3.74569200    2.76392800 
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 H                 -1.24970600   -5.19281500    2.06545200 
 H                 -4.02308600   -2.10754400    3.19922200 
 H                 -2.94545300   -4.31406400    3.64777700 
 N                  3.60501300    0.29144900   -1.90575900 
 O                  2.45120200    0.71053100   -1.55484200 
 O                  4.15248900    0.74141200   -2.90067200 
 C                 -3.64568200   -0.31721200   -1.56206600 
 C                 -4.20703100   -1.57858900   -1.91613100 
 C                 -5.45668300   -1.67099900   -2.48924500 
 H                 -3.63538400   -2.47987200   -1.72906300 
 C                 -5.71326500    0.72704900   -2.41467700 
 C                 -6.22152900   -0.50861600   -2.74313900 
 H                 -5.85893600   -2.64695800   -2.74679100 
 H                 -6.28837200    1.63062600   -2.60272500 
 H                 -7.20605300   -0.59488000   -3.19473700 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
16b 
 
 SCF Energy = -2291.94832102 
 
 C                 -1.32902600   -1.51288000   -0.88211600 
 C                 -0.53362400   -1.54203600   -2.04286600 
 C                  0.40429400   -2.61086600   -2.19293000 
 C                  0.53153600   -3.60832200   -1.26050600 
 C                 -0.27401700   -3.62637000   -0.09639700 
 C                 -2.37946800   -0.46312600   -0.65056300 
 C                 -2.11446900    0.79351100   -0.10048300 
 C                 -3.20336100    1.70195700    0.08952600 
 C                 -4.49608000    1.38039200   -0.23191200 
 C                 -4.81000500    0.10505900   -0.76004900 
 H                  1.01738400   -2.64842100   -3.08480200 
 H                 -3.01607200    2.67755600    0.51869900 
 H                 -5.29517000    2.09992000   -0.06995100 
 P                 -0.44377900    1.32503800    0.56812300 
 Pd                 1.70343200    0.26234600   -0.13447100 
 C                  0.52440000   -0.42889200   -3.95830800 
 H                  1.46293700   -0.43380000   -3.40395500 
 H                  0.54482300   -1.21810600   -4.73254500 
 H                  0.45382400    0.53731400   -4.46624800 
 H                  1.24500500   -4.41347400   -1.42222000 
 C                 -0.52367300    3.21364000    0.50595400 
 C                  0.76953100    3.87647800    1.03847600 
 C                 -0.83763900    3.74981700   -0.91178700 
 H                 -1.33838500    3.51281500    1.18157100 
 C                  0.64450900    5.41100800    1.03634100 
 H                  1.61362100    3.57639700    0.40876800 
 H                  0.99261200    3.53858000    2.05424500 
 C                 -0.96498600    5.28301000   -0.90735300 
 H                 -0.02821000    3.45376500   -1.58740600 
 H                 -1.75723300    3.30711500   -1.30702400 
 C                  0.30031800    5.95439300   -0.35667800 
 H                  1.58318700    5.85051500    1.39725000 
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 H                 -0.13732800    5.71523000    1.74935200 
 H                 -1.17089100    5.63379100   -1.92675500 
 H                 -1.83076100    5.57911700   -0.29451100 
 H                  0.17097200    7.04391400   -0.32016300 
 H                  1.13917700    5.75606500   -1.03815600 
 C                 -0.64441900    0.82310100    2.39191200 
 C                  0.60560500    1.08749600    3.26199300 
 C                 -1.89735800    1.33896400    3.12835800 
 H                 -0.73953200   -0.26736500    2.29406000 
 C                  0.47739700    0.37188600    4.61809400 
 H                  0.70508400    2.16414800    3.44728400 
 H                  1.51674800    0.76591500    2.74848000 
 C                 -2.03999300    0.65366200    4.50118200 
 H                 -1.81959400    2.42644200    3.27391300 
 H                 -2.80271100    1.16053300    2.54091100 
 C                 -0.78420900    0.82378700    5.36793400 
 H                  1.37052500    0.56877300    5.22505500 
 H                  0.44373100   -0.71349000    4.44908300 
 H                 -2.92055600    1.05206300    5.02185200 
 H                 -2.22812400   -0.41806600    4.34207600 
 H                 -0.89301100    0.26543300    6.30654800 
 H                 -0.67759700    1.88332700    5.64511100 
 C                  3.44186700   -0.75244700   -0.39380000 
 C                  4.51149000   -0.56420000   -1.28044900 
 C                  3.57091100   -1.84203800    0.48612700 
 C                  5.61374400   -1.42198200   -1.26900600 
 H                  4.48101900    0.26327100   -1.98057600 
 C                  4.66637600   -2.71665800    0.52682000 
 C                  5.69895500   -2.49821200   -0.37016400 
 H                  6.42628900   -1.24951000   -1.97104100 
 H                  4.68101900   -3.52865100    1.24543300 
 H                  6.56590300   -3.15180500   -0.37468000 
 Br                 2.36293100    1.99873000   -1.85023700 
 N                 -0.60976700   -0.54863800   -3.04833800 
 C                 -1.86591400   -0.37703100   -3.77678400 
 H                 -2.01853000   -1.17333700   -4.52793200 
 H                 -2.72173200   -0.37080100   -3.10859200 
 H                 -1.83941900    0.58308400   -4.30303800 
 C                 -1.21993300   -2.56605800    0.09066600 
 C                 -2.02610200   -2.60844700    1.26705300 
 C                 -0.16554700   -4.65941100    0.87159200 
 C                 -1.89767800   -3.62471700    2.18913500 
 H                 -2.76084800   -1.82898500    1.43550800 
 C                 -0.95879700   -4.66470100    1.99566800 
 H                  0.56217200   -5.45047700    0.70543500 
 H                 -2.52951400   -3.62879700    3.07365500 
 H                 -0.86721800   -5.45907400    2.73092900 
 N                  2.49624900   -2.05428500    1.41022900 
 O                  1.50170800   -1.25828800    1.33545800 
 O                  2.51659000   -2.94684500    2.24157100 
 C                 -3.74512000   -0.82818500   -0.96736100 
 C                 -4.08504300   -2.10701200   -1.49823300 
 C                 -5.38927600   -2.43523700   -1.79680000 
 H                 -3.29845200   -2.83221500   -1.66919600 
 C                 -6.14549400   -0.25998200   -1.07772500 
 C                 -6.43443500   -1.50561100   -1.58486800 
 H                 -5.61720200   -3.41891400   -2.19813700 
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 H                 -6.93601300    0.46770500   -0.91029600 
 H                 -7.45902300   -1.77741500   -1.82352700 
 
 C, H, N, O, P = 6-31G(d) 
 Br, Pd        = LANL2TZ  
 
16b 
 
 SCF Energy = -2291.95088656 
 
 C                 -1.33005000   -1.51564600   -0.87914500 
 C                 -0.53880800   -1.54394900   -2.04265600 
 C                  0.40374900   -2.60862700   -2.19341200 
 C                  0.53940100   -3.60287400   -1.25869300 
 C                 -0.26150900   -3.62148500   -0.09134200 
 C                 -2.38404600   -0.46972000   -0.64657100 
 C                 -2.12140400    0.78912200   -0.10074200 
 C                 -3.21279200    1.69416500    0.09116400 
 C                 -4.50557000    1.36695100   -0.22429500 
 C                 -4.81704200    0.08887100   -0.74726000 
 H                  1.01341700   -2.64588600   -3.08766900 
 H                 -3.02755800    2.67161900    0.51699600 
 H                 -5.30666000    2.08395100   -0.06098800 
 P                 -0.44955500    1.32535900    0.56110200 
 Pd                 1.71120400    0.27038000   -0.14573500 
 C                  0.50772500   -0.42979300   -3.96336400 
 H                  1.44768900   -0.42733000   -3.41129100 
 H                  0.53114500   -1.22129500   -4.73520300 
 H                  0.42981600    0.53424300   -4.47460400 
 H                  1.25571500   -4.40535500   -1.42122500 
 C                 -0.53567900    3.21329100    0.49947700 
 C                  0.75655500    3.88002900    1.02882400 
 C                 -0.85298700    3.74676500   -0.91838600 
 H                 -1.35002700    3.51100500    1.17615800 
 C                  0.62737800    5.41416500    1.02556500 
 H                  1.60047400    3.58061900    0.39835600 
 H                  0.98228200    3.54385500    2.04451600 
 C                 -0.98544500    5.27947700   -0.91560200 
 H                 -0.04325200    3.45188400   -1.59444300 
 H                 -1.77124600    3.30013000   -1.31223700 
 C                  0.27783500    5.95626200   -0.36663800 
 H                  1.56563700    5.85663600    1.38386000 
 H                 -0.15355900    5.71656500    1.74033300 
 H                 -1.19376900    5.62869300   -1.93503700 
 H                 -1.85159000    5.57284700   -0.30200100 
 H                  0.14340900    7.04513500   -0.32934100 
 H                  1.11650700    5.76287900   -1.05004900 
 C                 -0.64157000    0.82148000    2.38516900 
 C                  0.60787200    1.09629700    3.25265400 
 C                 -1.89748500    1.32655400    3.12388900 
 H                 -0.72695300   -0.26977200    2.28737400 
 C                  0.48803500    0.38030400    4.60933900 
 H                  0.69946200    2.17364200    3.43774800 
 H                  1.52028800    0.78151000    2.73701100 
 C                 -2.03163100    0.64131100    4.49756100 
 H                 -1.82906200    2.41478100    3.26854600 
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 H                 -2.80232300    1.13963600    2.53831900 
 C                 -0.77551300    0.82269000    5.36159700 
 H                  1.38097800    0.58436200    5.21423600 
 H                  0.46197900   -0.70543000    4.44133100 
 H                 -2.91443200    1.03282700    5.01967600 
 H                 -2.21112000   -0.43210800    4.33986000 
 H                 -0.87762800    0.26431200    6.30094600 
 H                 -0.67706100    1.88333600    5.63757900 
 C                  3.45172600   -0.73558200   -0.40363600 
 C                  4.51766900   -0.54661100   -1.29416200 
 C                  3.58746200   -1.81975600    0.48164800 
 C                  5.62436300   -1.39862600   -1.28133200 
 H                  4.48130800    0.27692200   -1.99874000 
 C                  4.68771500   -2.68843100    0.52349200 
 C                  5.71710300   -2.46953000   -0.37719400 
 H                  6.43408600   -1.22580700   -1.98651600 
 H                  4.70835200   -3.49686400    1.24590900 
 H                  6.58725500   -3.11888000   -0.38025600 
 Br                 2.34269400    1.97911500   -1.83528000 
 N                 -0.62330200   -0.55332700   -3.05015800 
 C                 -1.88242700   -0.39055700   -3.77548400 
 H                 -2.03254200   -1.18942200   -4.52442100 
 H                 -2.73631800   -0.38793100   -3.10483600 
 H                 -1.86311900    0.56857500   -4.30384900 
 C                 -1.21201600   -2.56542100    0.09622500 
 C                 -2.01390800   -2.60857000    1.27544300 
 C                 -0.14420600   -4.65109200    0.87924900 
 C                 -1.87693000   -3.62140500    2.20005600 
 H                 -2.75198300   -1.83230200    1.44414200 
 C                 -0.93334300   -4.65707800    2.00624700 
 H                  0.58683800   -5.43901500    0.71269600 
 H                 -2.50559300   -3.62618500    3.08682900 
 H                 -0.83508800   -5.44886100    2.74344000 
 N                  2.51588200   -2.03458300    1.41021900 
 O                  1.51676000   -1.24639700    1.33474300 
 O                  2.54599700   -2.92426000    2.24440300 
 C                 -3.74960400   -0.84103000   -0.95642100 
 C                 -4.08710400   -2.12284700   -1.48164900 
 C                 -5.39142700   -2.45683800   -1.77336700 
 H                 -3.29870200   -2.84579800   -1.65377200 
 C                 -6.15254700   -0.28211100   -1.05788400 
 C                 -6.43909100   -1.53042600   -1.55975900 
 H                 -5.61748200   -3.44267000   -2.17045600 
 H                 -6.94504100    0.44312700   -0.88915500 
 H                 -7.46371500   -1.80683000   -1.79291500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
18a 
 
 SCF Energy = -2331.24964752 
 
 C                  0.94722500   -1.64099400   -0.69333200 
 C                  0.07164000   -2.65625500   -0.24611700 
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 C                 -0.91413700   -3.14807700   -1.16580900 
 C                 -0.95900300   -2.74705600   -2.47376600 
 C                 -0.01956400   -1.82132800   -2.98681300 
 C                  2.08823000   -1.14152900    0.15186900 
 C                  2.13237500    0.13142800    0.75211600 
 C                  3.31473900    0.51084900    1.50070000 
 C                  4.35243600   -0.38920500    1.62767600 
 C                  4.34067900   -1.67079600    1.03891000 
 H                 -1.65537800   -3.85397400   -0.81079800 
 H                  5.23310600   -0.09744100    2.19632400 
 P                  0.65938500    1.29630900    0.53886000 
 Pd                -1.61718800    0.33845700   -0.02952400 
 C                 -0.45447900   -4.59173100    1.19567000 
 H                 -1.52218100   -4.53807300    1.47006700 
 H                 -0.35110600   -5.21453400    0.30358600 
 H                  0.06964800   -5.09465600    2.01608200 
 H                 -1.72484000   -3.14558800   -3.13509100 
 C                  0.39120200    2.15115400    2.21845700 
 C                 -0.97286900    2.88325100    2.26910700 
 C                  0.45872900    1.14561700    3.39381300 
 H                  1.17146800    2.90722200    2.35590100 
 C                 -1.16695900    3.59754900    3.61919700 
 H                 -1.78103800    2.15470000    2.12085200 
 H                 -1.06086000    3.61051100    1.45934000 
 C                  0.27836800    1.85580400    4.74676200 
 H                 -0.33799400    0.40399700    3.27211200 
 H                  1.40111300    0.59044800    3.39039900 
 C                 -1.04582800    2.62934800    4.80333900 
 H                 -2.14502300    4.09519000    3.63001100 
 H                 -0.41198200    4.39181800    3.72003600 
 H                  0.32402500    1.11679300    5.55698000 
 H                  1.11517300    2.55204200    4.91091400 
 H                 -1.13212500    3.17292200    5.75293200 
 H                 -1.88094000    1.91441300    4.77253100 
 C                  1.22346100    2.57090800   -0.76023900 
 C                  0.42172000    3.88936100   -0.70396100 
 C                  2.72473600    2.88929900   -0.91385500 
 H                  0.90945500    2.04993100   -1.67339200 
 C                  0.67422000    4.73585300   -1.96550200 
 H                  0.71708000    4.46372300    0.18663200 
 H                 -0.64892300    3.68314500   -0.63200700 
 C                  2.96758400    3.69084300   -2.20603100 
 H                  3.07353300    3.49993700   -0.07172100 
 H                  3.32839900    1.97597800   -0.91775300 
 C                  2.16700500    5.00069200   -2.20329700 
 H                  0.12668100    5.68369100   -1.88355000 
 H                  0.25255000    4.20332700   -2.82866800 
 H                  4.04045400    3.89765000   -2.31400800 
 H                  2.67349900    3.08002200   -3.07134900 
 H                  2.31213200    5.53967800   -3.14835700 
 H                  2.55402900    5.65547400   -1.40760600 
 C                 -3.45582900   -0.48492100   -0.21359200 
 C                 -4.40542400   -0.43212500   -1.24526000 
 C                 -3.81596100   -1.27236100    0.89704400 
 C                 -5.61422300   -1.12249200   -1.14552200 
 H                 -4.19282500    0.15660600   -2.13021100 
 C                 -5.02202800   -1.98084800    1.02449000 
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 C                 -5.93003700   -1.89856500   -0.01633200 
 H                 -6.32989300   -1.05706800   -1.96188700 
 H                 -5.21269700   -2.56351000    1.91891000 
 H                 -6.87678300   -2.42694500    0.04108700 
 Br                -1.84031500    1.53153100   -2.19421200 
 N                  0.15508600   -3.28755500    0.99677200 
 C                  0.51002600   -2.64234200    2.25341400 
 H                  1.38586800   -3.12603700    2.70797100 
 H                  0.73183100   -1.59260100    2.10550600 
 H                 -0.33082700   -2.70678500    2.95800600 
 C                  0.94366400   -1.26619400   -2.08329900 
 C                  1.93341100   -0.40620200   -2.64393400 
 C                  0.00139300   -1.46815100   -4.35987400 
 C                  1.94469900   -0.09922700   -3.98819400 
 H                  2.71304300   -0.00807000   -2.00515100 
 C                  0.96261600   -0.62049700   -4.86118600 
 H                 -0.75641500   -1.89398100   -5.01365400 
 H                  2.72505000    0.54763200   -4.38155400 
 H                  0.97584300   -0.36083700   -5.91588300 
 N                 -2.86986300   -1.34842400    1.96446200 
 O                 -1.79626200   -0.66981800    1.83813200 
 O                 -3.05954800   -2.02803400    2.96483100 
 C                  3.20199200   -2.05044000    0.26931600 
 C                  3.22758200   -3.32672800   -0.36522700 
 C                  4.30468200   -4.17256900   -0.22106600 
 H                  2.38803600   -3.62746000   -0.97890900 
 C                  5.43819900   -2.56335700    1.17620100 
 C                  5.42124000   -3.79374800    0.56253000 
 H                  4.30022500   -5.13861000   -0.71855400 
 H                  6.29303500   -2.25040300    1.77106700 
 H                  6.26380000   -4.47179200    0.66884300 
 C                  3.53331200    1.83970300    2.20257400 
 H                  3.10692300    2.68747800    1.67216800 
 H                  3.11472800    1.84118200    3.21512200 
 H                  4.60696600    2.02675000    2.30110300 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
18b 
 
 SCF Energy = -2331.25068880 
 
 C                 -1.01943800   -1.68474200   -0.50464900 
 C                 -0.45847800   -1.93724100   -1.77942500 
 C                  0.67010600   -2.82617400   -1.84542700 
 C                  1.13833700   -3.50246800   -0.75260100 
 C                  0.52571900   -3.36173400    0.51637100 
 C                 -2.26984800   -0.86820200   -0.30840200 
 C                 -2.28515200    0.43982200    0.20994800 
 C                 -3.56422000    1.07920400    0.45558800 
 C                 -4.72599100    0.40691600    0.13440200 
 C                 -4.74464000   -0.89618200   -0.40470200 
 H                  1.18383700   -2.95192500   -2.78917100 
 H                 -5.68097400    0.89485800    0.31765400 
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 P                 -0.62708700    1.27655900    0.57643900 
 Pd                 1.56558200    0.38194100   -0.35058600 
 C                 -0.47903100   -2.00510600   -4.23903000 
 H                  0.51175100   -1.62438600   -4.53186200 
 H                 -0.43911400   -3.09805700   -4.19473000 
 H                 -1.19012900   -1.73691900   -5.02442900 
 H                  1.99485500   -4.16510000   -0.85671900 
 C                 -0.81690900    3.12181500    0.19307300 
 C                  0.54182900    3.86276300    0.26273900 
 C                 -1.44345700    3.36501500   -1.20125400 
 H                 -1.46654100    3.56084100    0.95735100 
 C                  0.35453100    5.36933400    0.00500000 
 H                  1.21915400    3.44251200   -0.48895200 
 H                  1.01969400    3.72348600    1.23533300 
 C                 -1.64494300    4.86777500   -1.46244900 
 H                 -0.76870500    2.95688900   -1.96102200 
 H                 -2.39497900    2.83574400   -1.31060600 
 C                 -0.32298600    5.64008800   -1.34444800 
 H                  1.33144100    5.86780400    0.04659200 
 H                 -0.25275300    5.80525800    0.81321400 
 H                 -2.08244100    5.01053700   -2.45894700 
 H                 -2.37114400    5.27385700   -0.74090700 
 H                 -0.49582900    6.71607800   -1.47654700 
 H                  0.34958200    5.32481400   -2.15437300 
 C                 -0.40695800    1.03839900    2.45080400 
 C                  0.78791100    1.82804100    3.03012700 
 C                 -1.61956000    1.19729000    3.38864800 
 H                 -0.12989400   -0.02239600    2.47101400 
 C                  1.15034600    1.31081500    4.43344500 
 H                  0.52080400    2.89140500    3.10236900 
 H                  1.66056800    1.75780000    2.37315100 
 C                 -1.27603400    0.67434000    4.79735400 
 H                 -1.89641300    2.25763300    3.46913600 
 H                 -2.49121400    0.66060700    2.99996100 
 C                 -0.05061500    1.38695500    5.38687800 
 H                  1.99039700    1.89288600    4.83431900 
 H                  1.49667600    0.27192200    4.34914500 
 H                 -2.14437800    0.79790700    5.45767800 
 H                 -1.07586200   -0.40460900    4.73570900 
 H                  0.20716900    0.95486000    6.36220600 
 H                 -0.30088600    2.44309100    5.56924300 
 C                  3.42811200   -0.32472700   -0.71171400 
 C                  4.26588900   -0.22567600   -1.83194500 
 C                  3.95947800   -1.04035300    0.37737000 
 C                  5.53238400   -0.81376700   -1.83700500 
 H                  3.92176400    0.31644800   -2.70527400 
 C                  5.22718700   -1.64059200    0.40303300 
 C                  6.01949600   -1.52325300   -0.72645200 
 H                  6.15630400   -0.71855700   -2.72276700 
 H                  5.55338200   -2.17088000    1.29089800 
 H                  7.00788800   -1.97196700   -0.74975200 
 Br                 1.44894200    1.43955300   -2.60955300 
 N                 -0.94939300   -1.44495800   -2.97941100 
 C                 -1.73469000   -0.22115000   -3.11332800 
 H                 -2.81517300   -0.40880200   -3.06233900 
 H                 -1.45870700    0.50362400   -2.35295600 
 H                 -1.50499100    0.23528700   -4.07970600 
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 C                 -0.56983300   -2.44442300    0.63363800 
 C                 -1.22070500   -2.38159800    1.90245100 
 C                  0.95731300   -4.11104800    1.64035000 
 C                 -0.79256500   -3.13858500    2.97328000 
 H                 -2.08558800   -1.73964600    2.02437000 
 C                  0.31818900   -4.00427300    2.85519300 
 H                  1.80210200   -4.78561600    1.51775800 
 H                 -1.32331500   -3.07117100    3.91984700 
 H                  0.65267500   -4.58531400    3.70973700 
 N                  3.13635000   -1.14237300    1.54492300 
 O                  1.99495100   -0.57674300    1.49738500 
 O                  3.49827100   -1.73010400    2.55141500 
 C                 -3.49897800   -1.55878700   -0.61022800 
 C                 -3.53254500   -2.89252300   -1.11284800 
 C                 -4.72708400   -3.51262800   -1.40556800 
 H                 -2.60159900   -3.42534600   -1.26078800 
 C                 -5.96351700   -1.55785500   -0.71421600 
 C                 -5.95760800   -2.84081500   -1.20922300 
 H                 -4.72538300   -4.53023300   -1.78662000 
 H                 -6.89980900   -1.03022700   -0.54834500 
 H                 -6.89238300   -3.34282300   -1.44397400 
 C                 -3.77194700    2.45751900    1.05805900 
 H                 -3.11613100    2.65924500    1.90309600 
 H                 -3.62795200    3.25929400    0.32725400 
 H                 -4.80025100    2.54020700    1.42249700 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
19a 
 
 SCF Energy = -2138.31622774 
 
 C                  1.17964500   -1.60212200   -1.10947300 
 C                  0.68171000   -2.88598100   -0.72603100 
 C                 -0.26883700   -3.49964800   -1.56560800 
 C                 -0.70662400   -2.89964600   -2.74660500 
 C                 -0.22440800   -1.64935800   -3.11825300 
 C                  2.29296900   -0.91260500   -0.38089200 
 C                  2.13952100    0.31892200    0.26494000 
 C                  3.26020500    0.88870500    0.94690800 
 C                  4.48228000    0.27233800    0.98613700 
 H                 -0.67574200   -4.46601400   -1.29043800 
 H                  3.14380800    1.84035800    1.45329300 
 H                  5.30995000    0.72725500    1.52518300 
 P                  0.56559800    1.32202900    0.28683400 
 Pd                -1.62059500    0.19760900   -0.14409400 
 C                  0.98362800   -5.01124000    0.46307000 
 H                 -0.04350500   -5.29308600    0.75834200 
 H                  1.20951900   -5.48012600   -0.49893600 
 H                  1.66666200   -5.42433000    1.21336000 
 H                 -1.43610700   -3.41489500   -3.36625000 
 C                  0.51207200    2.04571800    2.04174500 
 C                 -0.87936700    2.65918100    2.33781600 
 C                  0.83655600    0.99834900    3.13391000 
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 H                  1.26082200    2.85068900    2.09263200 
 C                 -0.93351400    3.28874500    3.74056900 
 H                 -1.63494500    1.86462100    2.26777700 
 H                 -1.15262600    3.40683300    1.59066600 
 C                  0.78825100    1.62194700    4.54024800 
 H                  0.10540300    0.18270000    3.07225800 
 H                  1.82111700    0.55133400    2.97125200 
 C                 -0.56914000    2.27447600    4.83201200 
 H                 -1.93634500    3.69832600    3.91645000 
 H                 -0.23733000    4.13992900    3.78452600 
 H                  1.01025500    0.85007700    5.28822100 
 H                  1.58240400    2.37885300    4.62818900 
 H                 -0.55796500    2.75796900    5.81725800 
 H                 -1.34325200    1.49420100    4.87317600 
 C                  0.95373400    2.75693800   -0.90367900 
 C                  0.08660500    4.00786400   -0.63850100 
 C                  2.43275300    3.16896900   -1.05472500 
 H                  0.61897200    2.33543900   -1.86131900 
 C                  0.25641000    5.04563500   -1.76167700 
 H                  0.38667600    4.46549900    0.31495700 
 H                 -0.96794500    3.73110600   -0.56212600 
 C                  2.60372900    4.21076600   -2.17586900 
 H                  2.80087600    3.59869700   -0.11149900 
 H                  3.06174800    2.30100500   -1.27121700 
 C                  1.72471200    5.44735200   -1.95015400 
 H                 -0.35700600    5.92775800   -1.53764000 
 H                 -0.13449200    4.62194500   -2.69724300 
 H                  3.66099800    4.49718900   -2.24818000 
 H                  2.33895500    3.74720400   -3.13738600 
 H                  1.82668600    6.14662200   -2.78994100 
 H                  2.07400100    5.98158600   -1.05356500 
 C                 -3.36927000   -0.81696000   -0.22875700 
 C                 -4.44141700   -0.75914300   -1.13010300 
 C                 -3.50025300   -1.75764800    0.80990500 
 C                 -5.55145800   -1.59229200   -0.97886000 
 H                 -4.40362000   -0.05495100   -1.95347900 
 C                 -4.60273500   -2.60846600    0.98799700 
 C                 -5.63948000   -2.51797900    0.07532800 
 H                 -6.36765100   -1.52263000   -1.69424000 
 H                 -4.61862700   -3.30441200    1.81939600 
 H                 -6.51187800   -3.15651000    0.17508000 
 Br                -2.20120000    1.59634300   -2.11657100 
 N                  1.19641900   -3.57611300    0.39076800 
 C                  1.17407700   -2.95719800    1.71446100 
 H                  1.99063400   -3.36874300    2.31996300 
 H                  1.31019900   -1.88139500    1.64252700 
 H                  0.22294800   -3.14429100    2.23829000 
 C                  0.70557700   -1.01826500   -2.29165500 
 N                 -2.42031000   -1.84107000    1.74425200 
 O                 -1.42971700   -1.05529700    1.56359900 
 O                 -2.42375000   -2.62601800    2.68143300 
 C                  3.59545000   -1.54251200   -0.40353400 
 H                  1.11203600   -0.05597100   -2.58921400 
 H                 -0.56256300   -1.16393600   -4.02755400 
 C                  4.69180000   -0.95104100    0.30109400 
 C                  5.96606400   -1.57806300    0.28249900 
 C                  3.85033700   -2.73482600   -1.13852700 
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 C                  6.16931000   -2.73977700   -0.42578300 
 H                  6.78153700   -1.11329300    0.83162000 
 C                  5.09978400   -3.31474300   -1.15121000 
 H                  3.04628600   -3.18201400   -1.70932500 
 H                  7.14897700   -3.20983000   -0.43946600 
 H                  5.26643600   -4.22079300   -1.72748400 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
19b 
 
 SCF Energy = -2138.31342810 
 
 C                 -0.97756200   -2.04036000    0.39235600 
 C                 -0.11086300   -2.69568100   -0.54537800 
 C                  0.92936000   -3.49342800    0.00911200 
 C                  1.10587200   -3.65809500    1.37696900 
 C                  0.25394800   -3.02945400    2.28323400 
 C                 -2.22493000   -1.25581500    0.07784200 
 C                 -2.26151700    0.13774000    0.00932000 
 C                 -3.52302900    0.79222200   -0.15123600 
 C                 -4.69886900    0.09490800   -0.25212100 
 C                 -4.70470900   -1.32051400   -0.18122000 
 H                  1.60188300   -4.02038600   -0.65411800 
 H                 -3.56202300    1.87464100   -0.18402300 
 H                 -5.64096500    0.62386500   -0.37522000 
 P                 -0.74606500    1.20736900    0.20676300 
 Pd                 1.52593300    0.26708700   -0.20219600 
 C                  0.87219500   -3.14488100   -2.74274100 
 H                  1.84193200   -2.75361400   -2.41481200 
 H                  0.91437600   -4.24525100   -2.73001600 
 H                  0.72558500   -2.82287100   -3.77373000 
 H                  1.91251700   -4.29695000    1.72875100 
 C                 -1.16136500    2.80109000   -0.72538600 
 C                  0.05599700    3.75732200   -0.77025800 
 C                 -1.66353300    2.55992900   -2.17000200 
 H                 -1.95991300    3.30087500   -0.15595500 
 C                 -0.30964500    5.08811500   -1.45052900 
 H                  0.86603800    3.27135400   -1.32653300 
 H                  0.43911300    3.95934400    0.23334400 
 C                 -2.03340500    3.88680100   -2.85597100 
 H                 -0.86932800    2.06309100   -2.73728300 
 H                 -2.52792100    1.88996700   -2.18434500 
 C                 -0.85553800    4.87073000   -2.86780400 
 H                  0.57487800    5.73730000   -1.47689500 
 H                 -1.06459800    5.61259200   -0.84475500 
 H                 -2.37163900    3.68361900   -3.88013300 
 H                 -2.88602500    4.34554400   -2.33125000 
 H                 -1.16077600    5.82751200   -3.31099700 
 H                 -0.05538500    4.46744400   -3.50428100 
 C                 -0.83189100    1.62414500    2.05859300 
 C                  0.29455300    2.56397600    2.54360800 
 C                 -2.18785300    2.12975800    2.59269300 
 H                 -0.64155400    0.63799700    2.50451900 
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 C                  0.33243000    2.61563600    4.08039000 
 H                  0.10965200    3.57965000    2.17103600 
 H                  1.26559900    2.24665700    2.15162400 
 C                 -2.17037000    2.21926500    4.13137600 
 H                 -2.40127000    3.12472000    2.17493200 
 H                 -3.00380600    1.47137800    2.28031400 
 C                 -1.01353000    3.08379300    4.65218300 
 H                  1.13830400    3.28534800    4.40709900 
 H                  0.57665500    1.61683000    4.46845100 
 H                 -3.13182900    2.61167300    4.48725800 
 H                 -2.07668300    1.20350000    4.54267300 
 H                 -0.99166500    3.06627900    5.74929900 
 H                 -1.18376800    4.13082800    4.35965500 
 C                  3.41297900   -0.47291700   -0.21304300 
 C                  4.33794000   -0.66222000   -1.24894300 
 C                  3.84414700   -0.87066600    1.06483800 
 C                  5.59406200   -1.21894400   -0.99677600 
 H                  4.07108700   -0.36894900   -2.25838200 
 C                  5.09666600   -1.43284200    1.35017700 
 C                  5.97919700   -1.60837700    0.29682700 
 H                  6.29010500   -1.35250500   -1.82175400 
 H                  5.34388000   -1.71009400    2.36897700 
 H                  6.96039100   -2.03860900    0.47275700 
 Br                 1.55770900    0.68869900   -2.65350100 
 N                 -0.21400200   -2.62112600   -1.92505800 
 C                 -1.31698700   -1.97667500   -2.62802600 
 H                 -2.28577100   -2.35093100   -2.28961400 
 H                 -1.29782700   -0.88594000   -2.52951000 
 H                 -1.23029100   -2.21472800   -3.68977600 
 C                 -0.76905200   -2.24033900    1.76862400 
 N                  2.92625200   -0.66513400    2.14680300 
 O                  1.80550600   -0.12913400    1.86197000 
 O                  3.19622500   -0.96773400    3.29785000 
 C                 -3.45919900   -2.00289300   -0.00111300 
 C                 -3.48855100   -3.42449800    0.08850300 
 C                 -4.67409900   -4.12156700   -0.00078700 
 H                 -2.55798400   -3.96087900    0.23298800 
 C                 -5.91065700   -2.06527400   -0.26852500 
 C                 -5.89970400   -3.43873300   -0.18119400 
 H                 -4.66762600   -5.20578000    0.07105100 
 H                 -6.84551300   -1.52650400   -0.40398700 
 H                 -6.82793000   -3.99971300   -0.24780500 
 H                 -1.46399700   -1.75997900    2.45326000 
 H                  0.37776900   -3.14808500    3.35496100 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
20a 
 
 SCF Energy = -2138.31142826 
 
 C                  1.38607100   -1.54333400    1.66914800 
 C                  0.15583100   -1.88630800    2.23838100 
 C                 -0.41089900   -3.16064100    1.94472000 
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 C                  0.22601100   -4.06121800    1.12907100 
 C                  1.48370600   -3.75835100    0.55431100 
 C                  2.09008800   -0.26329800    2.01549700 
 C                  1.89764200    0.98904700    1.38717900 
 C                  2.67690100    2.07940800    1.82967200 
 C                  3.62095100    1.96188800    2.84539000 
 C                  3.82922100    0.72028300    3.44315500 
 H                 -1.36174300   -3.43060600    2.39060100 
 H                  2.55986800    3.04814500    1.35752000 
 H                  4.19635300    2.83093300    3.15248700 
 P                  0.77491800    1.27544500   -0.07821800 
 Pd                -1.25366800   -0.11599000   -0.54507800 
 C                 -1.98197100   -1.12493600    3.16414300 
 H                 -2.38241600   -1.26219400    2.15810100 
 H                 -2.31952300   -1.96964100    3.79310500 
 H                 -2.40823600   -0.20788200    3.58555400 
 H                 -0.22714100   -5.02852700    0.92490000 
 C                  0.22993400    3.08046800    0.13473700 
 C                 -0.84240400    3.48395200   -0.90790600 
 C                 -0.30773700    3.38277300    1.55477500 
 H                  1.11624100    3.70759800   -0.04462400 
 C                 -1.22899400    4.96709300   -0.76727600 
 H                 -1.73403700    2.86391400   -0.75744400 
 H                 -0.49734300    3.29366900   -1.92659300 
 C                 -0.69280100    4.86568100    1.69944800 
 H                 -1.18858000    2.75870200    1.74126100 
 H                  0.42899200    3.12199900    2.31906700 
 C                 -1.72436500    5.29385700    0.64726300 
 H                 -1.99853500    5.21411400   -1.50986100 
 H                 -0.35582000    5.59419400   -1.00320200 
 H                 -1.08131000    5.04425300    2.71028800 
 H                  0.21000100    5.48751200    1.59769600 
 H                 -1.94206600    6.36583500    0.73833700 
 H                 -2.66932100    4.76286100    0.83168100 
 C                  2.00624600    1.23069700   -1.52156200 
 C                  1.37461500    1.65127100   -2.86763700 
 C                  3.35103800    1.96156100   -1.33513900 
 H                  2.20879600    0.15238300   -1.58537600 
 C                  2.31415300    1.31468300   -4.03742500 
 H                  1.20218300    2.73607900   -2.86702000 
 H                  0.40886800    1.15886300   -3.01192200 
 C                  4.30267700    1.65929900   -2.50977200 
 H                  3.18142400    3.04753900   -1.27889400 
 H                  3.83501100    1.66777100   -0.39966200 
 C                  3.67790200    1.99824800   -3.87025500 
 H                  1.84746700    1.61998200   -4.98271200 
 H                  2.44523100    0.22501200   -4.08839400 
 H                  5.24172800    2.21089900   -2.37052800 
 H                  4.56095200    0.59066300   -2.48660600 
 H                  4.35714900    1.70676100   -4.68168600 
 H                  3.54832200    3.08843300   -3.94760100 
 C                 -3.05173700   -0.98119400   -0.90396800 
 C                 -3.42253500   -2.06613000   -1.71155700 
 C                 -4.10703200   -0.34675900   -0.22196900 
 C                 -4.75735700   -2.46277300   -1.81225400 
 H                 -2.65809500   -2.59822600   -2.26653400 
 C                 -5.45803300   -0.71931500   -0.30545100 
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 C                 -5.77933300   -1.79491100   -1.11533900 
 H                 -5.01218900   -3.30826300   -2.44703600 
 H                 -6.20529900   -0.16890200    0.25534400 
 H                 -6.81152800   -2.11787500   -1.21007300 
 Br                -0.09925400   -1.60493600   -2.15001900 
 N                 -0.53119400   -0.98209800    3.10890200 
 C                  0.01433200   -0.86760700    4.46285000 
 H                 -0.15594400   -1.78207600    5.06071900 
 H                  1.08386300   -0.66438400    4.43644500 
 H                 -0.47664900   -0.03180300    4.97396600 
 C                  2.07674800   -2.48427300    0.83308600 
 C                  3.34289400   -2.20114900    0.24298900 
 C                  2.16246600   -4.68344400   -0.28172600 
 C                  3.97509700   -3.11783600   -0.56816900 
 H                  3.81716900   -1.24586000    0.43957900 
 C                  3.38349900   -4.37523900   -0.83590000 
 H                  1.69204700   -5.64382200   -0.47985100 
 H                  4.94016700   -2.87403800   -1.00500000 
 H                  3.89357600   -5.09002800   -1.47577000 
 N                 -3.75777900    0.75686600    0.62054900 
 O                 -2.51962100    1.06245300    0.69452400 
 O                 -4.59052000    1.38558900    1.25501300 
 C                  3.07405400   -0.36814900    3.02037900 
 H                  4.57320800    0.59773000    4.22565200 
 H                  3.23863300   -1.34286600    3.47181000 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
20b 
 
 SCF Energy = -2138.31231829 
 
 C                  0.63099900    1.45629300    1.92565400 
 C                  1.38965900    0.39077000    2.46844600 
 C                  2.81502100    0.42531100    2.26573800 
 C                  3.44378300    1.43446500    1.59229400 
 C                  2.71733900    2.52728300    1.05934300 
 C                 -0.84847600    1.65277600    2.12990800 
 C                 -1.87011600    1.18829600    1.26584300 
 C                 -3.20050600    1.57207700    1.53851800 
 C                 -3.53674600    2.37063600    2.62787900 
 C                 -2.53021000    2.82885100    3.47694200 
 H                  3.42232200   -0.36059300    2.69446900 
 H                 -3.99840700    1.25066100    0.87936100 
 H                 -4.57532400    2.63837500    2.80196400 
 P                 -1.53644000    0.17078200   -0.26436800 
 Pd                 0.57289800   -1.12859000   -0.43957000 
 C                  1.71838800   -1.87377500    3.38684700 
 H                  2.24281200   -2.14402600    2.46681100 
 H                  2.45393300   -1.75898400    4.19950900 
 H                  1.06413800   -2.71195200    3.63022900 
 H                  4.52613900    1.41574200    1.48389900 
 C                 -3.15411000   -0.76116800   -0.57055500 
 C                 -3.03260500   -1.72982500   -1.77256300 
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 C                 -3.65685300   -1.54673400    0.66528000 
 H                 -3.90665100   -0.00167200   -0.83220900 
 C                 -4.37818200   -2.41633300   -2.06807000 
 H                 -2.27646000   -2.48916500   -1.54187300 
 H                 -2.69264100   -1.20584700   -2.66975400 
 C                 -5.00443700   -2.23006900    0.37394800 
 H                 -2.90950200   -2.30383500    0.92605500 
 H                 -3.76115600   -0.89322600    1.53619200 
 C                 -4.91842200   -3.16262700   -0.84145600 
 H                 -4.25529000   -3.10708400   -2.91199600 
 H                 -5.11134000   -1.65983900   -2.38775700 
 H                 -5.32837900   -2.78852400    1.26153200 
 H                 -5.77257700   -1.46248200    0.19087600 
 H                 -5.90262100   -3.59635100   -1.06119600 
 H                 -4.24816000   -4.00117500   -0.60544700 
 C                 -1.41042900    1.52320400   -1.58742000 
 C                 -1.10570800    0.99251000   -3.00605500 
 C                 -2.56529100    2.54269800   -1.65629000 
 H                 -0.51285700    2.05837300   -1.24793600 
 C                 -0.70802200    2.15139800   -3.93645900 
 H                 -1.99904000    0.50762500   -3.41952800 
 H                 -0.31199900    0.23937900   -2.98040500 
 C                 -2.19900100    3.70651600   -2.59824000 
 H                 -3.47598800    2.04926000   -2.02670800 
 H                 -2.79895900    2.94005200   -0.66366300 
 C                 -1.81254800    3.21658500   -4.00115600 
 H                 -0.49595800    1.76272400   -4.94086000 
 H                  0.22391400    2.60204300   -3.56828900 
 H                 -3.03838000    4.41165000   -2.65722500 
 H                 -1.35405300    4.25749400   -2.16114000 
 H                 -1.49225000    4.06276300   -4.62240300 
 H                 -2.69911100    2.78695400   -4.49131700 
 C                  2.38505900   -1.96165900   -0.80782200 
 C                  2.89204200   -3.24461600   -0.55895700 
 C                  3.27471100   -1.06830000   -1.42991200 
 C                  4.20166000   -3.58028200   -0.91082000 
 H                  2.25368300   -3.98485400   -0.08883400 
 C                  4.59279500   -1.37482900   -1.79692100 
 C                  5.05678900   -2.65226900   -1.52743400 
 H                  4.56592600   -4.58403800   -0.70425200 
 H                  5.20835400   -0.62176100   -2.27643200 
 H                  6.07087100   -2.93229500   -1.79588500 
 Br                -0.31283500   -3.21981000    0.56994400 
 N                  0.89851600   -0.68055000    3.19941000 
 C                 -0.42419600   -0.73506300    3.80777800 
 H                 -0.70466600    0.22555700    4.23901700 
 H                 -1.20308300   -1.04900900    3.10127100 
 H                 -0.39553600   -1.46314900    4.62305600 
 C                  1.29737000    2.54096300    1.24718400 
 C                  0.59485600    3.67227900    0.73135000 
 C                  3.36341900    3.58709600    0.37553800 
 C                  1.25000300    4.69273500    0.07258300 
 H                 -0.47799800    3.74108500    0.86628200 
 C                  2.64948300    4.65733500   -0.11582300 
 H                  4.44258600    3.53717000    0.24836300 
 H                  0.67824400    5.53915000   -0.30033400 
 H                  3.15264900    5.46588900   -0.63829800 
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 N                  2.77687000    0.24754200   -1.71337300 
 O                  1.57071500    0.49604300   -1.38175500 
 O                  3.46043800    1.09786000   -2.25862000 
 C                 -1.21040100    2.48091100    3.21177200 
 H                 -2.76800400    3.45968300    4.32925600 
 H                 -0.41628500    2.85416800    3.85265600 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
21a 
 
 SCF Energy = -2214.51903118 
 
 C                 -1.73632400   -1.01804700   -0.82362900 
 C                 -0.90128400   -0.98328900   -1.94841400 
 C                 -0.28124000   -2.19090100   -2.38648700 
 C                 -0.49549300   -3.38575200   -1.74841000 
 C                 -1.35189500   -3.46555300   -0.62497500 
 C                 -2.49816800    0.19526700   -0.36874700 
 C                 -1.95545700    1.23474600    0.39221100 
 C                 -2.78751200    2.35474200    0.71041600 
 C                 -4.10712800    2.42404800    0.35082300 
 C                 -4.70700100    1.37101100   -0.37993200 
 H                  0.35777800   -2.16815400   -3.26178500 
 H                 -2.36908000    3.19195300    1.25211900 
 H                 -4.70378700    3.29239300    0.62033300 
 P                 -0.20900100    1.30265700    1.08252600 
 Pd                 1.68652400   -0.27264900    0.37911600 
 C                  0.57618100    0.29554400   -3.42955500 
 H                  1.40499300   -0.09191500   -2.83540300 
 H                  0.53596100   -0.25830500   -4.38580200 
 H                  0.78464000    1.34456300   -3.66623900 
 H                 -0.01680300   -4.29180000   -2.11279400 
 C                  0.26364000    3.08799600    0.62601800 
 C                  1.65426800    3.50684700    1.15508900 
 C                  0.14401300    3.32842200   -0.89639900 
 H                 -0.46969700    3.74145900    1.11614700 
 C                  2.00319600    4.95081700    0.74910500 
 H                  2.41851700    2.82751600    0.76447800 
 H                  1.68719300    3.42872300    2.24625300 
 C                  0.49999600    4.77787800   -1.26727600 
 H                  0.81382400    2.64701700   -1.42714800 
 H                 -0.87201800    3.09868200   -1.23218700 
 C                  1.89908300    5.16074600   -0.76681800 
 H                  3.01351100    5.19193100    1.10373600 
 H                  1.31951000    5.64738800    1.25803700 
 H                  0.43457000    4.90163400   -2.35610600 
 H                 -0.24263200    5.46313600   -0.83046000 
 H                  2.12672500    6.20351000   -1.02306100 
 H                  2.64899900    4.53644300   -1.27305700 
 C                 -0.46571100    1.31769400    3.00648100 
 C                  0.89109000    1.01746200    3.68292100 
 C                 -0.99805800    2.64828900    3.57672300 
 H                  1.64118500    1.78762200    3.47953700 
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 H                  1.29642800    0.05275400    3.37474500 
 H                 -0.34663600    3.49994600    3.35664300 
 H                 -2.00934400    2.88059300    3.23420000 
 C                  3.36744300   -1.22909700   -0.22568800 
 C                  3.85379500   -2.51714200    0.04191700 
 C                  4.18822600   -0.43564800   -1.05028300 
 C                  5.07144200   -2.95038600   -0.48611300 
 H                  3.27535800   -3.18139500    0.67316500 
 C                  5.41875400   -0.84112800   -1.59139200 
 C                  5.86033400   -2.11984100   -1.30032800 
 H                  5.41778100   -3.95584100   -0.25856800 
 H                  5.98369600   -0.15706800   -2.21486200 
 H                  6.80584000   -2.47551300   -1.69800000 
 Br                 1.06277500   -2.17936200    1.83721600 
 N                 -0.66252000    0.22971100   -2.66411000 
 C                 -1.77472600    0.74576200   -3.46442700 
 H                 -1.94151900    0.14645200   -4.37833800 
 H                 -2.69987700    0.76078500   -2.89247100 
 H                 -1.54582000    1.77289700   -3.77057600 
 C                 -1.98161000   -2.26727900   -0.15710000 
 C                 -2.84232400   -2.37444200    0.97325600 
 C                 -1.59872900   -4.69798100    0.03508100 
 C                 -3.06224400   -3.58386600    1.59418200 
 H                 -3.33105700   -1.48470400    1.35305800 
 C                 -2.43730500   -4.76308100    1.12343300 
 H                 -1.10618800   -5.59279400   -0.33861800 
 H                 -3.72342000   -3.63295500    2.45543700 
 H                 -2.62030100   -5.71104400    1.62186700 
 N                  3.71403400    0.87712600   -1.35676500 
 O                  2.57492800    1.20573000   -0.88215000 
 O                  4.34714800    1.66140300   -2.04703400 
 C                 -3.89506000    0.25411000   -0.75634600 
 C                 -4.51463100   -0.77317000   -1.52795300 
 C                 -5.84427800   -0.70305500   -1.88221000 
 H                 -3.92594500   -1.62677000   -1.84026800 
 C                 -6.07613700    1.41566600   -0.75528200 
 C                 -6.63971700    0.39866200   -1.49008000 
 H                 -6.28582700   -1.50438900   -2.46833800 
 H                 -6.66910800    2.27498500   -0.45116600 
 H                 -7.68797100    0.44015100   -1.77305400 
 H                 -1.04676500    2.55620100    4.66960000 
 H                  0.73997600    0.98756700    4.77040200 
 C                 -1.46220200    0.19644300    3.36369900 
 H                 -1.14554100   -0.77232900    2.96950500 
 H                 -1.52249200    0.11038800    4.45690000 
 H                 -2.46742900    0.41805300    2.99090500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
21b 
 
 SCF Energy = -2214.52355068 
 
 C                 -0.96042800   -1.55293100   -0.86289400 
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 C                 -0.65684300   -1.02925900   -2.12863900 
 C                  0.48234200   -1.52841600   -2.82702200 
 C                  1.26421500   -2.53072400   -2.31312600 
 C                  0.96190200   -3.11742600   -1.05981600 
 C                 -2.17672100   -1.09454700   -0.10621600 
 C                 -2.23675100    0.08925000    0.63632800 
 C                 -3.48995700    0.47608500    1.20517000 
 C                 -4.61353400   -0.30302400    1.11881400 
 C                 -4.57225800   -1.54745800    0.44578000 
 H                  0.72376600   -1.11513800   -3.79913400 
 H                 -3.56849000    1.42227100    1.72317500 
 H                 -5.54649900    0.02761900    1.56917500 
 P                 -0.78105600    1.20919400    1.02622900 
 Pd                 1.56801900    0.61628400    0.21426900 
 C                 -0.79922800    0.84517700   -3.70524000 
 H                  0.16853200    1.17679200   -3.32552300 
 H                 -0.66375500    0.36497400   -4.69194300 
 H                 -1.42459300    1.73178900   -3.85804400 
 H                  2.11868200   -2.89924400   -2.87622400 
 C                 -1.50995400    2.90618400    0.60798000 
 C                 -0.58922100    4.09378100    0.96705900 
 C                 -1.94888700    2.98941100   -0.87052600 
 H                 -2.41448500    3.00114400    1.22411400 
 C                 -1.27940700    5.43596500    0.65949400 
 H                  0.34164000    4.01845000    0.39609200 
 H                 -0.31633500    4.07207500    2.02710300 
 C                 -2.63759900    4.33327100   -1.16445500 
 H                 -1.06740900    2.88090200   -1.51049600 
 H                 -2.62257600    2.16239100   -1.11663900 
 C                 -1.73819100    5.52278000   -0.80214700 
 H                 -0.59251800    6.25898200    0.89465800 
 H                 -2.15124800    5.55801700    1.32087600 
 H                 -2.91911700    4.37600700   -2.22474200 
 H                 -3.57493500    4.39732900   -0.59040200 
 H                 -2.26496700    6.46944800   -0.97973600 
 H                 -0.85622700    5.52264300   -1.45818000 
 C                 -0.68892500    1.16928900    2.97096700 
 C                  0.71212400    1.68033600    3.38206400 
 C                 -1.74229400    2.03422200    3.69465900 
 H                  0.90073900    2.70581800    3.05108900 
 H                  1.50918600    1.04709100    2.98610600 
 H                 -1.71347300    3.08681300    3.39941300 
 H                 -2.75990100    1.66053600    3.55716000 
 C                  3.45088600   -0.02284200   -0.15817100 
 C                  4.40009500    0.37929700   -1.10829700 
 C                  3.85333500   -1.06767300    0.69323700 
 C                  5.65203000   -0.23581200   -1.17770800 
 H                  4.15910300    1.18360300   -1.79347500 
 C                  5.10409600   -1.70073700    0.65160700 
 C                  6.01216400   -1.27372900   -0.30263300 
 H                  6.36530100    0.10058100   -1.92659400 
 H                  5.32669300   -2.49679500    1.35340400 
 H                  6.99168800   -1.73702700   -0.37099000 
 Br                 1.81456600    2.48936800   -1.40288900 
 N                 -1.45903100   -0.01591800   -2.72788900 
 C                 -2.77076200   -0.43517900   -3.22498600 
 H                 -2.69064800   -1.02686000   -4.15538900 
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 H                 -3.30383600   -1.02993400   -2.48666800 
 H                 -3.36950400    0.45659800   -3.44218500 
 C                 -0.16625500   -2.62362100   -0.32585600 
 C                 -0.45284300   -3.23274200    0.93070100 
 C                  1.74249100   -4.17751400   -0.52486200 
 C                  0.32126200   -4.26049600    1.42247400 
 H                 -1.29565200   -2.87448600    1.51086400 
 C                  1.43176200   -4.74365200    0.69030000 
 H                  2.59219800   -4.53597000   -1.10181000 
 H                  0.07941000   -4.70221000    2.38526300 
 H                  2.03436400   -5.55402100    1.09068200 
 N                  2.90612500   -1.50094500    1.67563500 
 O                  1.76057500   -0.93956100    1.65724300 
 O                  3.16688500   -2.35674400    2.50413000 
 C                 -3.34882800   -1.94271700   -0.18362600 
 C                 -3.34461200   -3.18421400   -0.88610000 
 C                 -4.46761900   -3.98019000   -0.94378800 
 H                 -2.43780000   -3.50723200   -1.38255800 
 C                 -5.71508700   -2.38762400    0.36927700 
 C                 -5.66764500   -3.58363100   -0.30843900 
 H                 -4.43024300   -4.92255700   -1.48342500 
 H                 -6.63086500   -2.06297700    0.85757500 
 H                 -6.54611400   -4.22088900   -0.36123100 
 H                  0.78767500    1.66583200    4.47770600 
 H                 -1.53577800    1.99610300    4.77244100 
 C                 -0.84941200   -0.28805800    3.45216000 
 H                 -0.12950700   -0.96125900    2.98278800 
 H                 -0.67843800   -0.32225900    4.53671900 
 H                 -1.85891400   -0.66634200    3.26394500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
22a 
 
 SCF Energy = -2214.51750601 
 
 C                 -0.73997600   -1.49090500    0.92064400 
 C                  0.18721700   -2.53068500    0.68837800 
 C                  1.25946800   -2.69452700    1.62694900 
 C                  1.34627100   -1.95366500    2.77556100 
 C                  0.36926600   -0.98159600    3.09517800 
 C                 -1.94863100   -1.28030700    0.05416300 
 C                 -2.11132700   -0.19084500   -0.81283000 
 C                 -3.33643900   -0.07426500   -1.53913900 
 C                 -4.34378100   -0.99879500   -1.44229300 
 C                 -4.21848000   -2.10949800   -0.57349300 
 H                  2.03312200   -3.42354300    1.41824900 
 H                 -3.48647800    0.77720000   -2.18689200 
 H                 -5.25638400   -0.87682600   -2.02098700 
 P                 -0.81363800    1.13607500   -1.09446000 
 Pd                 1.55782600    0.57335900   -0.42373900 
 C                  0.81048900   -4.72939400   -0.24346600 
 H                  1.85630600   -4.65042100   -0.58785700 
 H                  0.80449400   -5.11389100    0.77959800 
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 H                  0.31092100   -5.46678800   -0.88147800 
 H                  2.17654400   -2.11368200    3.45949600 
 C                 -0.78338100    1.48025700   -3.00590000 
 C                  0.57039900    2.17362100   -3.29410700 
 C                 -0.80739700    0.13553200   -3.76277900 
 H                  1.41752300    1.54945100   -2.99545000 
 H                  0.66491300    3.13535900   -2.78276400 
 H                 -0.00215200   -0.52953600   -3.44190700 
 H                 -1.76076000   -0.38840700   -3.64629200 
 C                 -1.49740000    2.64867400   -0.17355800 
 C                 -0.77281400    3.96723400   -0.53338700 
 C                 -3.02533800    2.86303600   -0.16144600 
 H                 -1.19062800    2.39827400    0.85112000 
 C                 -1.15324100    5.08059500    0.45805600 
 H                 -1.05203400    4.29127500   -1.54384200 
 H                  0.31026500    3.82415100   -0.51755400 
 C                 -3.40505900    3.98588500    0.82297800 
 H                 -3.38184300    3.13061600   -1.16559000 
 H                 -3.54624900    1.94344000    0.12222300 
 C                 -2.67147000    5.29778500    0.51246700 
 H                 -0.64398400    6.01066000    0.17460900 
 H                 -0.78006000    4.80961800    1.45521700 
 H                 -4.49208200    4.13876000    0.80219400 
 H                 -3.15269300    3.66339200    1.84352800 
 H                 -2.92342800    6.05962000    1.26136900 
 H                 -3.01877600    5.68576300   -0.45725200 
 C                  3.46595700   -0.03008600   -0.12416500 
 C                  4.44797900    0.38574600    0.78720600 
 C                  3.84893100   -1.07351400   -0.98886200 
 C                  5.70754300   -0.21505700    0.81037800 
 H                  4.22036200    1.18621600    1.48163700 
 C                  5.10618700   -1.69970500   -0.98705600 
 C                  6.04402100   -1.25786500   -0.07064700 
 H                  6.44693500    0.13320000    1.52794000 
 H                  5.31172900   -2.49787000   -1.69170200 
 H                  7.02998700   -1.71115600   -0.03590700 
 Br                 1.72157600    2.28105300    1.36613700 
 N                  0.07655600   -3.47826600   -0.33546500 
 C                 -0.34892700   -3.19523800   -1.70043000 
 H                 -1.11079000   -3.92008000   -2.01739800 
 H                 -0.76781900   -2.19983200   -1.78449800 
 H                  0.50456500   -3.26138900   -2.39074800 
 C                 -0.68348600   -0.74856200    2.15244200 
 C                 -1.69927600    0.17784600    2.53248200 
 C                  0.39974300   -0.27103400    4.32214700 
 C                 -1.65558800    0.83818700    3.74168700 
 H                 -2.53911600    0.34591300    1.86820700 
 C                 -0.59093000    0.62679800    4.64750900 
 H                  1.22227100   -0.46076500    5.00812500 
 H                 -2.45481800    1.52727100    4.00340000 
 H                 -0.56357000    1.16215200    5.59228600 
 N                  2.87370200   -1.51653300   -1.93364900 
 O                  1.75060300   -0.90874900   -1.93830200 
 O                  3.08350400   -2.43618500   -2.71349000 
 C                 -3.02027900   -2.24060700    0.19877100 
 C                 -2.93760100   -3.33499100    1.10699200 
 C                 -3.96337300   -4.24682300    1.22387600 
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 H                 -2.05221500   -3.43990600    1.72137400 
 C                 -5.25778600   -3.06804800   -0.43748400 
 C                 -5.13487500   -4.11960100    0.44081800 
 H                 -3.87404800   -5.06966400    1.92793000 
 H                 -6.15683700   -2.94849700   -1.03747900 
 H                 -5.93596900   -4.84694800    0.54124900 
 H                  0.65210300    2.35925100   -4.37344900 
 H                 -0.66688700    0.33237300   -4.83428400 
 C                 -1.89989800    2.38545800   -3.57060000 
 H                 -1.94930800    3.35725200   -3.07572600 
 H                 -1.68636300    2.57199600   -4.63169300 
 H                 -2.89228600    1.93033300   -3.52897600 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
22b 
 
 SCF Energy = -2214.51685315 
 
 C                 -1.09158200   -1.32340000    0.84547000 
 C                 -0.18914200   -2.37461400    0.53584800 
 C                  0.75921900   -2.74764700    1.55568300 
 C                  0.79889000   -2.15647600    2.78672100 
 C                 -0.11954400   -1.14023700    3.14461900 
 C                 -2.21736900   -0.86715200   -0.04914000 
 C                 -2.13153300    0.20886400   -0.94206500 
 C                 -3.30499500    0.59957900   -1.65793400 
 C                 -4.50746900   -0.04175800   -1.51197200 
 C                 -4.63932600   -1.12612500   -0.61179200 
 H                  1.45476900   -3.55047900    1.35639600 
 H                 -3.25912200    1.43720900   -2.33723200 
 H                 -5.37514300    0.28803500   -2.07849700 
 P                 -0.57131600    1.22055500   -1.17824500 
 Pd                 1.63309500    0.14476700   -0.64348100 
 C                  0.98447000   -3.99062300   -0.90259600 
 H                  1.93915000   -3.49761000   -0.69852600 
 H                  0.93016700   -4.92262100   -0.31788100 
 H                  0.98721500   -4.25042200   -1.96091800 
 H                  1.53046200   -2.49048800    3.51944200 
 C                 -0.60872300    2.03402900   -2.93383400 
 C                 -0.78335300    2.57294200    0.13797100 
 C                  0.32206400    3.65230400    0.09859300 
 C                 -2.17086200    3.23486300    0.28687000 
 H                 -0.61295800    1.98499400    1.04904800 
 C                  0.27809100    4.51472200    1.37221300 
 H                  0.18248300    4.30284100   -0.77475800 
 H                  1.30855400    3.18823100   -0.00129200 
 C                 -2.21532200    4.10385000    1.55790300 
 H                 -2.39009800    3.86726800   -0.58142100 
 H                 -2.96002800    2.47764000    0.33285400 
 C                 -1.10098400    5.16046700    1.56916300 
 H                  1.05667300    5.28690800    1.32029500 
 H                  0.51795800    3.88108100    2.23702200 
 H                 -3.19889800    4.58513300    1.63928700 
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 H                 -2.10666600    3.45347800    2.43665200 
 H                 -1.12494700    5.72767000    2.50847400 
 H                 -1.28003200    5.88626300    0.76127900 
 C                  3.43753400   -0.47498900    0.04323200 
 C                  4.44641600   -1.25169900   -0.54416600 
 C                  3.70512600   -0.02295800    1.34786600 
 C                  5.62250800   -1.54668600    0.14938400 
 H                  4.30810300   -1.62559600   -1.55275600 
 C                  4.87457300   -0.30128900    2.06998200 
 C                  5.84281500   -1.07810100    1.45515700 
 H                  6.38576100   -2.15186900   -0.33445100 
 H                  4.99523500    0.09226000    3.07325900 
 H                  6.76422500   -1.31667600    1.97755100 
 Br                 1.95133500   -1.03332000   -2.81986100 
 N                 -0.14437500   -3.10118500   -0.64238300 
 C                 -1.15540900   -3.03383100   -1.69260600 
 H                 -2.16228600   -3.15016500   -1.28958500 
 H                 -1.09893000   -2.10331900   -2.26625900 
 H                 -0.98455200   -3.86190200   -2.38306600 
 C                 -1.08734200   -0.74178800    2.16669100 
 C                 -2.04910200    0.22830500    2.58101000 
 C                 -0.11233700   -0.55292600    4.43446400 
 C                 -2.03059400    0.77187700    3.84945400 
 H                 -2.82559200    0.53607200    1.89094100 
 C                 -1.04814000    0.39203200    4.79091800 
 H                  0.64797400   -0.87366200    5.14320600 
 H                 -2.79015400    1.49826800    4.12774200 
 H                 -1.03980500    0.83403700    5.78309300 
 N                  2.70176000    0.79319700    1.96649700 
 O                  1.65848900    1.04928800    1.27903300 
 O                  2.82889000    1.24069200    3.09424800 
 C                 -3.48930700   -1.53309700    0.13605100 
 C                 -3.64744000   -2.61707500    1.04829400 
 C                 -4.86011500   -3.25264200    1.20271900 
 H                 -2.79324200   -2.94230900    1.63006700 
 C                 -5.87697400   -1.80010100   -0.43370900 
 C                 -5.98961400   -2.84388600    0.45527000 
 H                 -4.95014400   -4.07462800    1.90765200 
 H                 -6.73527100   -1.47212000   -1.01535800 
 H                 -6.94015400   -3.35388800    0.58590300 
 C                 -1.52177300    3.27176300   -3.08183400 
 H                 -1.19696300    4.09478600   -2.44008600 
 H                 -1.45418400    3.62344800   -4.11976800 
 H                 -2.57778100    3.08484600   -2.87529700 
 C                  0.83586500    2.51079600   -3.22625900 
 H                  1.54488700    1.68143900   -3.24275400 
 H                  0.85008800    2.98754700   -4.21545600 
 H                  1.18426200    3.25209800   -2.50079900 
 C                 -0.98634500    0.97407500   -3.99222100 
 H                 -2.03116400    0.65915000   -3.92465200 
 H                 -0.83393400    1.40656800   -4.98945000 
 H                 -0.35326600    0.08692200   -3.91450500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
 186
23a 
 
 SCF Energy = -2099.20048418 
 
 C                  0.50785800    2.00797700   -1.51525400 
 C                  1.80569000    2.53074700   -1.25257100 
 C                  2.89635900    2.04631300   -2.00226100 
 C                  2.70830700    1.10973400   -3.01290300 
 C                  1.44106700    0.62075400   -3.31336900 
 C                 -0.71631100    2.58456700   -0.87450400 
 C                 -1.61676300    1.88111200   -0.03738000 
 C                 -2.72368500    2.57875500    0.48843100 
 C                 -2.95902600    3.92025900    0.20480100 
 C                 -2.07750400    4.60570200   -0.63136300 
 H                  3.89688000    2.40527000   -1.79370500 
 H                 -3.42238500    2.05978000    1.13612400 
 H                 -3.82426700    4.42127200    0.63046200 
 P                 -1.44413400    0.08197600    0.42021500 
 Pd                 0.77960000   -1.01690800    0.13292200 
 C                  3.21063500    4.37794100   -0.45751700 
 H                  4.10655200    3.87379300   -0.05156100 
 H                  3.39905300    4.63152400   -1.50431400 
 H                  3.07724000    5.30997100    0.10312300 
 H                  3.56585200    0.75223800   -3.57704000 
 C                 -1.87433900    0.03972400    2.27120400 
 C                 -1.43707700   -1.30604900    2.90130900 
 C                 -1.23696700    1.19537100    3.07864800 
 H                 -2.96911100    0.11843500    2.35612100 
 C                 -1.83490600   -1.38971200    4.38487500 
 H                 -0.34556900   -1.39372700    2.81196000 
 H                 -1.85786100   -2.15602600    2.36034500 
 C                 -1.62875700    1.12256800    4.56530600 
 H                 -0.14526700    1.13460500    2.98595900 
 H                 -1.53399100    2.16709300    2.67556200 
 C                 -1.25140600   -0.22494600    5.19468000 
 H                 -1.50071800   -2.34979400    4.79843800 
 H                 -2.93225800   -1.37988100    4.46741100 
 H                 -1.14872200    1.94635900    5.10899700 
 H                 -2.71432700    1.27694500    4.66074300 
 H                 -1.59536900   -0.27095700    6.23597400 
 H                 -0.15577100   -0.31701600    5.22094500 
 C                 -2.87062100   -0.77843300   -0.49569400 
 C                 -3.27435000   -2.11985900    0.15423500 
 C                 -4.12719300    0.06380800   -0.79315600 
 H                 -2.38990800   -1.01226300   -1.45218700 
 C                 -4.26005900   -2.89427600   -0.73863500 
 H                 -3.75258200   -1.92964300    1.12575800 
 H                 -2.39045100   -2.73884300    0.33094000 
 C                 -5.11278400   -0.71436300   -1.68485900 
 H                 -4.63563400    0.32999100    0.14530800 
 H                 -3.85655200    1.00125500   -1.28608700 
 C                 -5.50609200   -2.06268700   -1.06871400 
 H                 -4.54406100   -3.83023300   -0.24065200 
 H                 -3.74774600   -3.17795000   -1.66872400 
 H                 -6.00352200   -0.09932000   -1.86805200 
 H                 -4.64595800   -0.88777100   -2.66586100 
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 H                 -6.16754000   -2.61498700   -1.74859400 
 H                 -6.08122700   -1.88610700   -0.14720100 
 C                  2.65826900   -1.77174300    0.14691200 
 C                  3.24610400   -2.83487700   -0.55283900 
 C                  3.51395700   -1.07479000    1.01998200 
 C                  4.59327600   -3.15454100   -0.37344100 
 H                  2.64129400   -3.41579800   -1.24001300 
 C                  4.87115100   -1.37146000    1.22149500 
 C                  5.41110400   -2.42897100    0.51000900 
 H                  5.01934700   -3.98596800   -0.93025400 
 H                  5.45562600   -0.77860700    1.91622700 
 H                  6.45634200   -2.69442600    0.63555900 
 Br                -0.02873600   -2.75793400   -1.44687600 
 N                  1.99276600    3.59352300   -0.33782600 
 C                  1.59016600    3.43535500    1.05840100 
 H                  1.41545400    4.42597300    1.49537200 
 H                  0.66944900    2.86340400    1.13528100 
 H                  2.36246400    2.92301100    1.65399100 
 C                  0.34977500    1.07681500   -2.56541100 
 N                  2.94157500    0.01385500    1.75070100 
 O                  1.70413500    0.26215000    1.55549400 
 O                  3.59206200    0.69054000    2.53394500 
 C                 -0.97647800    3.93964500   -1.15641600 
 H                  1.31038700   -0.10600900   -4.10457700 
 H                 -0.28235100    4.46921100   -1.80015000 
 H                 -2.24660200    5.65160400   -0.87364400 
 O                 -0.94066500    0.71381100   -2.83533000 
 C                 -1.19056000   -0.07907400   -3.99009300 
 H                 -0.74447200   -1.07441200   -3.89221200 
 H                 -2.27666000   -0.17311100   -4.05304900 
 H                 -0.81658300    0.41507000   -4.89613300 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
23b 
 
 SCF Energy = -2099.20078637 
 
 C                  0.41352500    1.57510700   -1.98902600 
 C                  1.21873200    2.67190600   -1.57138100 
 C                  2.61613800    2.59147600   -1.73743900 
 C                  3.19999800    1.48740500   -2.34631900 
 C                  2.42406200    0.42854000   -2.81124800 
 C                 -1.08295300    1.66837900   -2.02515000 
 C                 -1.98920800    0.90991300   -1.24276800 
 C                 -3.37055200    1.09854700   -1.45624200 
 C                 -3.86209100    2.00477300   -2.39151900 
 C                 -2.96695100    2.75940700   -3.14810000 
 H                 -4.08606400    0.52773300   -0.87489900 
 H                 -4.93481400    2.11918500   -2.52208600 
 P                 -1.47477900   -0.32606300    0.05922800 
 Pd                 0.89472400   -0.35485500    0.86776400 
 H                  4.27996200    1.45067800   -2.46512000 
 C                 -2.82643200   -0.19221700    1.37882800 
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 C                 -2.49216400   -1.05495800    2.62055800 
 C                 -3.10263800    1.26420500    1.82156600 
 H                 -3.74479700   -0.59684600    0.92699700 
 C                 -3.62118500   -0.99319900    3.66471800 
 H                 -1.56106200   -0.68785800    3.06663900 
 H                 -2.31829100   -2.09765600    2.34123900 
 C                 -4.23208600    1.32382800    2.86491500 
 H                 -2.18508100    1.68053400    2.25233000 
 H                 -3.36577400    1.89016300    0.96403200 
 C                 -3.92496300    0.44952000    4.08799500 
 H                 -3.34045700   -1.59676700    4.53736100 
 H                 -4.53168700   -1.45093900    3.24823000 
 H                 -4.38992700    2.36628900    3.16997900 
 H                 -5.17395100    0.98772600    2.40419300 
 H                 -4.76464000    0.47185000    4.79482400 
 H                 -3.05394500    0.86167200    4.61645900 
 C                 -1.74047500   -1.98469600   -0.82366200 
 C                 -1.37645900   -3.21229300    0.04120100 
 C                 -3.10737700   -2.21216500   -1.49970100 
 H                 -0.98916300   -1.90624400   -1.61810000 
 C                 -1.32717100   -4.48765400   -0.81752500 
 H                 -2.13519800   -3.35348700    0.82135200 
 H                 -0.41875400   -3.06197200    0.55020500 
 C                 -3.08970000   -3.50024100   -2.34595500 
 H                 -3.89504000   -2.29487300   -0.73633900 
 H                 -3.36788000   -1.36652400   -2.14210200 
 C                 -2.66594500   -4.72902900   -1.52944100 
 H                 -1.07049800   -5.34849800   -0.18674700 
 H                 -0.52248900   -4.39113600   -1.56035600 
 H                 -4.07952300   -3.66031200   -2.79292500 
 H                 -2.38912800   -3.36273500   -3.18283000 
 H                 -2.60298200   -5.61250600   -2.17770300 
 H                 -3.43898000   -4.94742800   -0.77756400 
 C                  2.84210900   -0.65667700    1.34094500 
 C                  3.65636100   -0.11370400    2.34434000 
 C                  3.47185800   -1.57730600    0.48226300 
 C                  4.99755000   -0.48442900    2.45900700 
 H                  3.23391700    0.60344600    3.03919400 
 C                  4.81737000   -1.96811600    0.57057200 
 C                  5.58454200   -1.40911400    1.57785600 
 H                  5.60225800   -0.04693900    3.25001400 
 H                  5.21872500   -2.68558300   -0.13650100 
 H                  6.62932600   -1.68416800    1.68510100 
 Br                 0.58223500    1.23805800    2.74786100 
 C                  1.03599900    0.48547000   -2.63704300 
 N                  2.66550200   -2.14577700   -0.55115500 
 O                  1.43946500   -1.79824000   -0.59286900 
 O                  3.11293200   -2.93271200   -1.37498000 
 C                 -1.60066600    2.58477500   -2.95976900 
 H                  2.89192600   -0.41443300   -3.30429300 
 H                 -0.89686100    3.16642500   -3.54617100 
 H                 -3.32838400    3.47471200   -3.88211000 
 O                  0.18714200   -0.46744000   -3.13267600 
 C                  0.73586200   -1.52143700   -3.91402900 
 H                  1.40328400   -2.15590200   -3.32026900 
 H                 -0.11835300   -2.11065800   -4.25436200 
 H                  1.27412700   -1.12958300   -4.78660600 
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 H                  3.24806300    3.39633400   -1.38279700 
 N                  0.62759800    3.86534700   -1.10332800 
 C                  1.43442900    5.07431800   -1.14103700 
 H                  1.94626700    5.16133500   -2.10350100 
 H                  0.76781500    5.93662200   -1.02777700 
 H                  2.18802800    5.13057600   -0.33494200 
 C                 -0.23185000    3.83285800    0.08016100 
 H                 -0.90097700    4.70154100    0.06075600 
 H                 -0.84184400    2.93374400    0.09608200 
 H                  0.35499300    3.85568900    1.01056300 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
24a 
 
 SCF Energy = -2236.99816563 
 
 C                  0.34120300    2.41363000    0.39600900 
 C                  1.62628100    2.09756300    0.88356000 
 C                  2.79614500    2.30931400    0.10505100 
 C                  2.59740200    2.81725800   -1.18235900 
 C                  1.33987100    3.11757900   -1.70308600 
 C                 -0.88786700    2.40059700    1.25911000 
 C                 -1.80006600    1.33126100    1.39216700 
 C                 -2.89195500    1.49036500    2.27141400 
 C                 -3.10589000    2.66535800    2.98526400 
 C                 -2.23191300    3.73849300    2.81175600 
 H                 -3.60596800    0.68243500    2.38808300 
 H                 -3.95854200    2.74584000    3.65406900 
 P                 -1.71799200   -0.22134500    0.37195000 
 Pd                 0.44229200   -1.01521700   -0.58057700 
 H                  3.45078200    2.99426200   -1.82483600 
 C                 -2.38027400   -1.57068200    1.53099600 
 C                 -2.14441800   -2.98098100    0.93436400 
 C                 -1.76050300   -1.51520100    2.94855400 
 H                 -3.46702500   -1.41764400    1.61663500 
 C                 -2.73442100   -4.07866700    1.83691200 
 H                 -1.06389300   -3.14228000    0.82983000 
 H                 -2.56806000   -3.06520000   -0.06905700 
 C                 -2.34561500   -2.61144800    3.85666600 
 H                 -0.67584200   -1.64812200    2.86634300 
 H                 -1.92254600   -0.53837200    3.41180700 
 C                 -2.15984400   -4.01178300    3.25774300 
 H                 -2.53939900   -5.06190900    1.38996500 
 H                 -3.82843600   -3.96636700    1.87873300 
 H                 -1.87400900   -2.55384200    4.84603100 
 H                 -3.41892700   -2.42154300    4.01091500 
 H                 -2.63146500   -4.76812400    3.89825200 
 H                 -1.08695500   -4.25025700    3.22500100 
 C                 -3.05357100    0.09014800   -0.94266900 
 C                 -3.43457500   -1.18593900   -1.72460000 
 C                 -4.33009000    0.82467800   -0.48793300 
 H                 -2.51093800    0.75069300   -1.63171300 
 C                 -4.31805400   -0.84435200   -2.93693600 
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 H                 -3.99756700   -1.86270400   -1.06701900 
 H                 -2.53712400   -1.71312600   -2.06006000 
 C                 -5.23288000    1.15500500   -1.69175400 
 H                 -4.89304100    0.19886400    0.22131800 
 H                 -4.08011500    1.75222300    0.03212900 
 C                 -5.58603200   -0.09089200   -2.51361300 
 H                 -4.58051400   -1.76726000   -3.46979100 
 H                 -3.73739400   -0.23046200   -3.63959900 
 H                 -6.14440400    1.65469600   -1.33849200 
 H                 -4.71060200    1.87736600   -2.33619100 
 H                 -6.18028900    0.18824300   -3.39327400 
 H                 -6.21811800   -0.75721400   -1.90726500 
 C                  2.15360100   -1.94775100   -1.13087400 
 C                  2.77645200   -2.10487000   -2.37676800 
 C                  2.79752100   -2.57338100   -0.04785000 
 C                  3.95619400   -2.84204100   -2.50106500 
 H                  2.33187000   -1.64716600   -3.25333400 
 C                  3.98068400   -3.32144300   -0.14069500 
 C                  4.56195400   -3.45399200   -1.39070600 
 H                  4.41566100   -2.94540700   -3.48138900 
 H                  4.40819100   -3.76785700    0.75022300 
 H                  5.47793200   -4.02476500   -1.50874900 
 Br                -0.08386400   -0.35125400   -2.91624300 
 C                  0.21228100    2.92277200   -0.91315100 
 N                  2.19388100   -2.41460600    1.24221800 
 O                  1.11602200   -1.73298400    1.30059500 
 O                  2.67426100   -2.90246000    2.25236800 
 C                 -1.14672100    3.59794000    1.95496100 
 C                  4.22320600    2.04781400    0.64359800 
 C                  4.49974500    2.93994200    1.87882300 
 H                  4.35536600    3.99953500    1.63607700 
 H                  3.84977700    2.68694000    2.71779500 
 H                  5.53750600    2.81007700    2.21109800 
 C                  4.42028400    0.56126700    1.02182000 
 H                  5.43816100    0.40326400    1.40129200 
 H                  3.71253300    0.24812200    1.79083800 
 H                  4.28713400   -0.07827800    0.14266000 
 C                  5.30087100    2.39295500   -0.40733400 
 H                  6.29151400    2.19318900    0.01666700 
 H                  5.20300500    1.78419100   -1.31329200 
 H                  5.27525000    3.44981600   -0.69732800 
 O                  1.79156200    1.48542500    2.11027600 
 C                  1.36726300    2.11469800    3.31834200 
 H                  0.32353200    1.88849600    3.55092300 
 H                  2.00520500    1.70746100    4.10848200 
 H                  1.50100200    3.20170600    3.27394600 
 H                 -2.39271500    4.67491000    3.33933200 
 H                 -0.46021300    4.42831800    1.81669900 
 H                  1.25905200    3.49042400   -2.71661800 
 O                 -1.06594200    3.19830900   -1.31267400 
 C                 -1.26436500    3.65734900   -2.64275200 
 H                 -0.90992700    2.92100900   -3.37340900 
 H                 -2.34268800    3.79111100   -2.75182900 
 H                 -0.76291700    4.61934400   -2.81393800 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 191
 Pd            = LANL2DZ(f) 
 
24b 
 
 SCF Energy = -2236.99859046 
 
 C                 -0.60672000    1.48275500    1.82579300 
 C                 -1.45554500    2.07238900    0.86600100 
 C                 -2.83851800    1.77503400    0.79734900 
 C                 -3.31351500    0.90385200    1.79052400 
 C                 -2.50810300    0.31952400    2.76586500 
 C                  0.81760000    1.92971500    1.96424800 
 C                  1.90760100    1.48507800    1.18342800 
 C                  3.16468300    2.08665500    1.40102000 
 C                  3.36775700    3.05881600    2.37668600 
 C                  2.30193200    3.45208800    3.18328000 
 H                  4.01491400    1.79423800    0.79685000 
 H                  4.35428400    3.49528000    2.50733600 
 P                  1.79947400    0.07154600   -0.03220600 
 Pd                -0.40489600   -0.87780400   -0.76076200 
 H                 -4.37001200    0.66056600    1.81564600 
 C                  3.06598500    0.55759700   -1.34255600 
 C                  3.25925000   -0.52677900   -2.42607900 
 C                  2.70842300    1.91966600   -1.98372800 
 H                  4.02934600    0.66465600   -0.82431700 
 C                  4.30245700   -0.08908800   -3.47032400 
 H                  2.30261000   -0.72196500   -2.92231500 
 H                  3.58538500   -1.46798900   -1.97159100 
 C                  3.75739500    2.33757700   -3.02835400 
 H                  1.72511700    1.84143700   -2.46063000 
 H                  2.62553200    2.69369600   -1.21333900 
 C                  3.94552000    1.26116100   -4.10559700 
 H                  4.38895000   -0.86459100   -4.24214300 
 H                  5.29087500   -0.01407100   -2.99092000 
 H                  3.45623600    3.28863100   -3.48585600 
 H                  4.72087200    2.52261000   -2.52828100 
 H                  4.72463200    1.56424000   -4.81714600 
 H                  3.01415900    1.15661700   -4.67945000 
 C                  2.55308400   -1.34124700    0.99371100 
 C                  2.40333900   -2.72639300    0.32208500 
 C                  4.00311700   -1.15144700    1.48285900 
 H                  1.89539100   -1.33272700    1.87550900 
 C                  2.80081500   -3.85449400    1.28928800 
 H                  3.04655800   -2.78206200   -0.56483200 
 H                  1.37760200   -2.87730700   -0.02775200 
 C                  4.41873800   -2.28590800    2.43905800 
 H                  4.68635800   -1.13984100    0.62110000 
 H                  4.11775600   -0.19284600    1.99726500 
 C                  4.23447700   -3.67165200    1.80617900 
 H                  2.69724700   -4.82436100    0.78586600 
 H                  2.10173100   -3.86425600    2.13820500 
 H                  5.46198500   -2.14130200    2.74872700 
 H                  3.80954300   -2.22050400    3.35237800 
 H                  4.48426300   -4.45712800    2.53094000 
 H                  4.93794300   -3.78408300    0.96765800 
 C                 -2.10483400   -1.92258200   -1.10221200 
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 C                 -2.93260900   -2.01778100   -2.23030300 
 C                 -2.50080500   -2.69582300    0.00528400 
 C                 -4.06913300   -2.82912700   -2.22163200 
 H                 -2.68153500   -1.45212400   -3.12062300 
 C                 -3.63695200   -3.51942100    0.04423800 
 C                 -4.42833100   -3.58057700   -1.08978300 
 H                 -4.68992700   -2.88048600   -3.11306000 
 H                 -3.86438900   -4.08191300    0.94285300 
 H                 -5.31550200   -4.20624900   -1.10351800 
 Br                -0.43284100    0.09409300   -3.03967900 
 C                 -1.14123000    0.59964600    2.78150200 
 N                 -1.66746300   -2.63466800    1.16619700 
 O                 -0.62893400   -1.90068100    1.10277500 
 O                 -1.92781900   -3.25725400    2.18798200 
 C                  1.04858700    2.88957300    2.96821200 
 C                 -3.86063200    2.35487300   -0.21670500 
 C                 -4.69105000    3.45456900    0.49059200 
 H                 -5.21135700    3.05946100    1.37098600 
 H                 -4.05727100    4.28423000    0.82483800 
 H                 -5.44537100    3.86329400   -0.19376400 
 C                 -4.83125600    1.23920700   -0.68566500 
 H                 -4.28443500    0.41713400   -1.15855800 
 H                 -5.43588900    0.82458800    0.12676200 
 H                 -5.52962300    1.65181700   -1.42304100 
 C                 -3.24092300    2.94578300   -1.50393300 
 H                 -4.05218300    3.16469400   -2.20953400 
 H                 -2.70710700    3.88078500   -1.32893700 
 H                 -2.55063900    2.24602100   -1.98213100 
 O                 -0.85473400    2.93418500   -0.03240000 
 C                 -0.79624400    4.30311700    0.36229900 
 H                 -0.16302700    4.44088100    1.24590200 
 H                 -0.36066300    4.84360600   -0.48144200 
 H                 -1.79546200    4.70567200    0.57128800 
 H                 -2.95267400   -0.34938900    3.49362500 
 H                  0.20741400    3.19973200    3.58184200 
 H                  2.44061500    4.19492700    3.96429300 
 O                 -0.25486500    0.08734600    3.68352100 
 C                 -0.73027600   -0.86872600    4.62265600 
 H                 -1.13282600   -1.75355700    4.11681800 
 H                  0.13830600   -1.15221800    5.22041800 
 H                 -1.49462200   -0.43716700    5.28288700 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
25a 
 
 SCF Energy = -2310.80683966 
 
 C                  0.40479500    2.22500900   -0.68187400 
 C                  1.66981000    2.07652700   -0.09247400 
 C                  2.80704600    1.70620600   -0.84759300 
 C                  2.61375900    1.50887300   -2.22201000 
 C                  1.37316800    1.65633600   -2.83687500 
 C                 -0.73611800    2.76950300    0.12252000 
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 C                 -1.75541300    1.99785200    0.72154800 
 C                 -2.73060800    2.66305600    1.49180600 
 C                 -2.73011300    4.04483800    1.65734500 
 C                 -1.74401200    4.80688200    1.03252700 
 H                 -3.51530800    2.08798200    1.97154200 
 H                 -3.49915300    4.51899100    2.26105200 
 P                 -1.91801500    0.15666900    0.51663100 
 Pd                 0.01961700   -1.20175900   -0.28699500 
 H                  3.45884200    1.19384000   -2.82708200 
 C                 -2.40594000   -0.44489000    2.24916300 
 C                 -2.29810800   -1.98630300    2.36055900 
 C                 -1.56102000    0.20347300    3.37199900 
 H                 -3.46026400   -0.16586600    2.40083900 
 C                 -2.75016200   -2.48197500    3.74538600 
 H                 -1.25280900   -2.27954400    2.19822700 
 H                 -2.88423100   -2.48407800    1.58466900 
 C                 -2.00442200   -0.29178400    4.76022600 
 H                 -0.50527400   -0.04578900    3.21274900 
 H                 -1.63287400    1.29358200    3.33719700 
 C                 -1.94585600   -1.82094000    4.87188500 
 H                 -2.65023900   -3.57401000    3.79201300 
 H                 -3.81975500   -2.26058300    3.87981400 
 H                 -1.37364900    0.17174000    5.52954000 
 H                 -3.03350900    0.04716100    4.95477500 
 H                 -2.31746400   -2.14825300    5.85149300 
 H                 -0.89784500   -2.14736300    4.80672300 
 C                 -3.44519200   -0.03057800   -0.59316600 
 C                 -3.99610700   -1.47375800   -0.58743800 
 C                 -4.60444400    0.96944100   -0.40790500 
 H                 -3.00236300    0.14665900   -1.58186600 
 C                 -5.05002200   -1.66666800   -1.69010800 
 H                 -4.46574200   -1.67989100    0.38458100 
 H                 -3.18558500   -2.19460200   -0.72742500 
 C                 -5.67336900    0.77564500   -1.50062500 
 H                 -5.07147500    0.82694900    0.57848200 
 H                 -4.24055000    1.99948000   -0.44352800 
 C                 -6.20256700   -0.66359400   -1.54833800 
 H                 -5.43112400   -2.69540800   -1.65687800 
 H                 -4.56696300   -1.54207100   -2.66918300 
 H                 -6.49666100    1.48289800   -1.33512700 
 H                 -5.23267200    1.03209600   -2.47519500 
 H                 -6.91748200   -0.77885500   -2.37326800 
 H                 -6.75722900   -0.87630500   -0.62182000 
 C                  1.62155500   -2.38590500   -0.64844600 
 C                  2.02740800   -3.08865600   -1.79106000 
 C                  2.45771800   -2.51973900    0.47493000 
 C                  3.18916500   -3.86342000   -1.78130100 
 H                  1.42657700   -3.02918800   -2.69144200 
 C                  3.62944500   -3.29083500    0.51598600 
 C                  3.99284300   -3.97096300   -0.63368800 
 H                  3.47766600   -4.39693500   -2.68405700 
 H                  4.21518300   -3.33364400    1.42727800 
 H                  4.89236200   -4.57867900   -0.64707700 
 Br                -0.92859300   -1.62140800   -2.54975000 
 C                  0.26140400    2.01005800   -2.06804900 
 N                  2.07311400   -1.80470800    1.65287300 
 O                  1.01315100   -1.09457200    1.58527600 
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 O                  2.72134000   -1.85074900    2.68716600 
 C                 -0.76698400    4.16781400    0.27618900 
 O                  1.75336400    2.27099000    1.27211300 
 C                  2.39337300    3.47494800    1.69874900 
 H                  1.79245800    4.35152100    1.42759900 
 H                  2.46566400    3.41055700    2.78671000 
 H                  3.39844900    3.57193400    1.27475100 
 H                 -1.73365600    5.88885000    1.13380100 
 H                 -0.00007000    4.75649200   -0.21895500 
 H                  1.27832400    1.46460300   -3.89836700 
 O                 -0.99270400    2.19570700   -2.56552000 
 C                 -1.20223000    1.98735800   -3.95714400 
 H                 -0.98688600    0.94966500   -4.23352200 
 H                 -2.25872200    2.19998500   -4.13105200 
 H                 -0.59121900    2.67355300   -4.55837700 
 C                  4.15855200    1.50327200   -0.25735800 
 C                  5.30230000    1.93124400   -0.95613700 
 C                  4.34638500    0.84964800    0.97499700 
 C                  6.58345700    1.70141900   -0.45473600 
 H                  5.18301500    2.46360600   -1.89589800 
 C                  5.62770800    0.62102400    1.47575400 
 H                  3.48229200    0.53649400    1.54830400 
 C                  6.75326400    1.04112000    0.76327000 
 H                  7.44915100    2.04639700   -1.01454400 
 H                  5.74294600    0.10686900    2.42652600 
 H                  7.75064000    0.86206600    1.15610000 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
25b 
 
 SCF Energy = -2310.80906601 
 
 C                  0.47405500   -0.02477600    2.29151400 
 C                  1.58490200   -0.77025300    1.86731000 
 C                  2.85389800   -0.17532800    1.67827000 
 C                  2.96435900    1.19098600    1.96411600 
 C                  1.88158600    1.95720100    2.39463700 
 C                 -0.80304400   -0.71844100    2.65948600 
 C                 -1.88946700   -0.96692400    1.79084500 
 C                 -3.00580400   -1.65561400    2.30627300 
 C                 -3.06959900   -2.08346600    3.63002300 
 C                 -2.00380900   -1.81906000    4.48730500 
 H                 -3.85165300   -1.86740700    1.66279900 
 H                 -3.94876700   -2.61473100    3.98436300 
 P                 -1.95123200   -0.35884600    0.02961600 
 Pd                 0.14035200    0.40121900   -1.11538800 
 H                  3.92478700    1.67679500    1.81578000 
 C                 -3.03264100   -1.64044200   -0.83916600 
 C                 -3.22338900   -1.32272200   -2.34103600 
 C                 -2.48968400   -3.07869000   -0.66219300 
 H                 -4.02407100   -1.58463200   -0.36578500 
 C                 -4.13560300   -2.36109800   -3.01877900 
 H                 -2.24513400   -1.31570100   -2.83510700 
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 H                 -3.65646700   -0.32669400   -2.47497600 
 C                 -3.40896200   -4.10665200   -1.34347800 
 H                 -1.48652800   -3.13506400   -1.09813400 
 H                 -2.38616900   -3.32629700    0.39856300 
 C                 -3.61127100   -3.79056100   -2.83132100 
 H                 -4.22403700   -2.12262100   -4.08642600 
 H                 -5.15002200   -2.28708500   -2.59724600 
 H                 -2.98481800   -5.11132500   -1.22012700 
 H                 -4.38734700   -4.11643400   -0.83802400 
 H                 -4.30198600   -4.51261300   -3.28598500 
 H                 -2.65142500   -3.89514200   -3.35625500 
 C                 -2.99374900    1.21621900    0.22929700 
 C                 -3.08846000    2.06145800   -1.06153700 
 C                 -4.39718100    1.04796500    0.84589400 
 H                 -2.37941600    1.77905800    0.94682600 
 C                 -3.70762200    3.43872900   -0.76914300 
 H                 -3.71732300    1.54535800   -1.79765200 
 H                 -2.10218900    2.18384400   -1.51854800 
 C                 -5.04010900    2.41961500    1.12837000 
 H                 -5.04091300    0.48460800    0.15460100 
 H                 -4.34596900    0.47624400    1.77724500 
 C                 -5.09491400    3.30263100   -0.12597700 
 H                 -3.77373100    4.01957300   -1.69815600 
 H                 -3.04020200    3.99641100   -0.09634300 
 H                 -6.04764500    2.27630100    1.54006200 
 H                 -4.45461500    2.93048400    1.90681700 
 H                 -5.50211100    4.29109800    0.12277700 
 H                 -5.78676700    2.85400000   -0.85444300 
 C                  1.71194700    1.33718000   -1.98587400 
 C                  2.66372500    0.89564800   -2.91500400 
 C                  1.84777000    2.67506600   -1.56888900 
 C                  3.66837700    1.74926300   -3.37447400 
 H                  2.61506500   -0.12407600   -3.27966600 
 C                  2.84680700    3.55664800   -2.01170000 
 C                  3.76704300    3.07834600   -2.92811600 
 H                  4.39218700    1.37562700   -4.09492600 
 H                  2.87516300    4.57288000   -1.63465800 
 H                  4.55617400    3.72562000   -3.29826300 
 Br                 0.59628800   -1.71514700   -2.32703100 
 C                  0.62995600    1.35418400    2.54745400 
 N                  0.88769700    3.15537700   -0.62621500 
 O                 -0.02531100    2.34551200   -0.25804900 
 O                  0.92442100    4.29322700   -0.17542300 
 C                 -0.89166000   -1.14153400    3.99788200 
 O                  1.38303200   -2.10954800    1.62018500 
 C                  1.92322000   -3.01158900    2.58714500 
 H                  1.42005900   -2.89137200    3.55515800 
 H                  1.73242900   -4.01559400    2.20247300 
 H                  3.00220700   -2.87076200    2.71295500 
 H                  2.01782700    3.01551900    2.58205500 
 H                 -0.05811100   -0.92623200    4.66046900 
 H                 -2.03568200   -2.13636300    5.52614700 
 O                 -0.49346700    2.01087500    2.95711400 
 C                 -0.41187300    3.41612300    3.16472000 
 H                 -0.12093800    3.93468700    2.24422500 
 H                 -1.41463700    3.72880200    3.46208600 
 H                  0.29459200    3.66112600    3.96865600 
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 C                  4.03828300   -0.92984400    1.18564800 
 C                  3.95049700   -1.79095600    0.07642800 
 C                  5.29013000   -0.75881700    1.80233300 
 C                  5.08405300   -2.45258600   -0.39583900 
 H                  2.99618200   -1.92972700   -0.41993700 
 C                  6.42207800   -1.42185300    1.32654600 
 H                  5.37099100   -0.11205500    2.67235400 
 C                  6.32306700   -2.27258400    0.22435200 
 H                  4.99691500   -3.10837600   -1.25837900 
 H                  7.37878600   -1.27821400    1.82235100 
 H                  7.20274000   -2.79176700   -0.14703200 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
26a 
 
 SCF Energy = -2664.61853391 
 
 C                 -0.28972200   -1.95113000   -0.00559800 
 C                 -1.53673200   -1.40918300    0.36898800 
 C                 -2.55829100   -1.17729300   -0.57837000 
 C                 -2.24806800   -1.42651800   -1.92122800 
 C                 -1.01418100   -1.92634200   -2.32881300 
 C                  0.63793500   -2.48923600    1.04300300 
 C                  1.91580500   -1.99276800    1.38581700 
 C                  2.65024400   -2.67275300    2.37979700 
 C                  2.16356900   -3.80256800    3.02882300 
 C                  0.90970500   -4.29966000    2.67865800 
 H                  3.63732100   -2.31529100    2.65079300 
 H                  2.76475300   -4.29213900    3.79009400 
 P                  2.74103200   -0.53286500    0.57662700 
 Pd                 1.45628400    1.28412100   -0.55602900 
 H                 -3.00872500   -1.22784000   -2.67133200 
 C                  3.71399600    0.26905200    2.00067000 
 C                  4.27881400    1.65388900    1.59525100 
 C                  2.88996700    0.43175600    3.30169700 
 H                  4.56872900   -0.39286600    2.20914100 
 C                  5.14673700    2.25235500    2.71651100 
 H                  3.43865400    2.32877400    1.39139300 
 H                  4.86165000    1.59718500    0.67369200 
 C                  3.74894800    1.02907000    4.43076100 
 H                  2.03854000    1.09268900    3.10402900 
 H                  2.47411900   -0.52350200    3.63101300 
 C                  4.36669700    2.37583300    4.03175600 
 H                  5.52486700    3.23332000    2.40109700 
 H                  6.02901800    1.61327600    2.87224900 
 H                  3.13399700    1.14417000    5.33248100 
 H                  4.55230300    0.32217500    4.68942200 
 H                  5.01954400    2.75011000    4.83087100 
 H                  3.56436600    3.11730500    3.90719000 
 C                  4.02149100   -1.34134500   -0.56827400 
 C                  5.10693800   -0.35166800   -1.04201300 
 C                  4.67785700   -2.64738700   -0.07876100 
 H                  3.39377500   -1.58264900   -1.43405000 
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 C                  5.96929300   -0.96966600   -2.15562100 
 H                  5.76291900   -0.09724100   -0.19817200 
 H                  4.65192400    0.57506100   -1.40392500 
 C                  5.56495200   -3.26435100   -1.17791800 
 H                  5.29638700   -2.44950400    0.80966400 
 H                  3.91752200   -3.37463700    0.21757200 
 C                  6.62130600   -2.28038100   -1.69656900 
 H                  6.73605700   -0.24898800   -2.46766500 
 H                  5.33715200   -1.15575700   -3.03525600 
 H                  6.04262100   -4.17477800   -0.79285500 
 H                  4.92421900   -3.57957800   -2.01490000 
 H                  7.19455400   -2.73390100   -2.51542400 
 H                  7.34101000   -2.06453700   -0.89245700 
 C                  0.59609600    2.99981900   -1.20639700 
 C                  0.37939900    3.51188500   -2.49343900 
 C                  0.21710600    3.84384700   -0.14667400 
 C                 -0.16931300    4.78278700   -2.67688200 
 H                  0.64943800    2.91281300   -3.35577500 
 C                 -0.32925000    5.12786100   -0.29807300 
 C                 -0.52023900    5.59772800   -1.58688400 
 H                 -0.32561300    5.15151700   -3.68794300 
 H                 -0.58663100    5.71192700    0.57853500 
 H                 -0.93978000    6.58547300   -1.75111900 
 Br                 2.02703900    0.57267900   -2.86594700 
 C                 -0.04413800   -2.22035800   -1.36760700 
 N                  0.40696000    3.33791300    1.17994200 
 O                  0.89847600    2.16442100    1.29075800 
 O                  0.11329200    3.98353000    2.17354800 
 C                  0.17389300   -3.64941900    1.69512700 
 O                 -1.67566100   -1.05668300    1.69593400 
 C                 -2.62250500   -1.74952900    2.50955500 
 H                 -2.38216800   -2.81815200    2.56918600 
 H                 -2.53146000   -1.31013000    3.50555800 
 H                 -3.64623400   -1.62199100    2.14884700 
 H                 -0.82529500   -2.09376100   -3.38160800 
 H                 -0.78896800   -4.05242800    1.39620000 
 H                  0.51155000   -5.18985900    3.15825900 
 O                  1.14945300   -2.81866800   -1.64848500 
 C                  1.39663000   -3.22894600   -2.98769200 
 H                  1.44761100   -2.36846400   -3.66356800 
 H                  2.36531500   -3.73225100   -2.96824600 
 H                  0.62849200   -3.93310800   -3.33316300 
 C                 -3.96176600   -0.76817800   -0.22331100 
 C                 -4.28685400    0.57089900    0.09508100 
 C                 -4.99161700   -1.74400100   -0.25891900 
 C                 -5.61840500    0.90292100    0.37158400 
 C                 -6.30843900   -1.35447200    0.01499000 
 C                 -6.64870500   -0.03945500    0.33458700 
 H                 -5.85721400    1.93554200    0.61386900 
 H                 -7.09821000   -2.10216100   -0.01944300 
 C                 -4.72387600   -3.21721100   -0.57655100 
 H                 -3.64158000   -3.35623900   -0.64914700 
 C                 -5.22574400   -4.15650400    0.53810200 
 H                 -4.78626400   -3.89662000    1.50763700 
 H                 -6.31571000   -4.11794300    0.64705100 
 H                 -4.95439100   -5.19463000    0.31044100 
 C                 -5.32723300   -3.62030600   -1.93671200 
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 H                 -4.92550400   -3.00378100   -2.74813700 
 H                 -5.10177600   -4.66958600   -2.16383300 
 H                 -6.41761700   -3.50375100   -1.93872000 
 C                 -3.24138900    1.68225100    0.12127100 
 H                 -2.26946100    1.24126000   -0.12001700 
 C                 -3.53913500    2.74630600   -0.95384600 
 H                 -2.75328400    3.50931800   -0.96868600 
 H                 -3.59229300    2.29432300   -1.95064100 
 H                 -4.49360400    3.25308800   -0.76610000 
 C                 -3.12762500    2.31498200    1.52159500 
 H                 -4.08125900    2.74656100    1.84860300 
 H                 -2.81984300    1.56777700    2.25978500 
 H                 -2.38632800    3.12181000    1.52822000 
 C                 -8.09335400    0.34311600    0.62953900 
 H                 -8.69552000   -0.57055700    0.52924700 
 C                 -8.63568600    1.36589700   -0.38708800 
 H                 -8.08923900    2.31467700   -0.32675500 
 H                 -8.54220500    0.99217400   -1.41266500 
 H                 -9.69442600    1.57871000   -0.19535100 
 C                 -8.26827500    0.85381300    2.07263000 
 H                 -9.32290500    1.07026100    2.28219000 
 H                 -7.92066600    0.11185700    2.79999300 
 H                 -7.69932900    1.77625300    2.23976900 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
26b 
 
 SCF Energy = -2664.62043930 
 
 C                 -0.26192300   -1.81586600   -0.63782100 
 C                 -1.49191500   -1.46258200   -0.04498700 
 C                 -2.52176300   -0.84111900   -0.78580300 
 C                 -2.24117300   -0.52811200   -2.12175900 
 C                 -1.03379100   -0.85497700   -2.73652500 
 C                  0.68570600   -2.71642700    0.09903500 
 C                  1.93669100   -2.36439200    0.65794800 
 C                  2.67434000   -3.37285100    1.31311600 
 C                  2.22255900   -4.68503800    1.41787800 
 C                  1.00071600   -5.03235100    0.84686800 
 H                  3.63248500   -3.13261100    1.75798300 
 H                  2.82663700   -5.42530400    1.93532500 
 P                  2.71975600   -0.67362300    0.52960900 
 Pd                 1.44314100    1.37748300   -0.12812100 
 H                 -3.00800400   -0.02543000   -2.70503600 
 C                  3.74940400   -0.54819200    2.11315000 
 C                  4.47215700    0.81357600    2.24229800 
 C                  2.92022000   -0.82625800    3.38970800 
 H                  4.52923900   -1.31998900    2.03264600 
 C                  5.35663000    0.85202400    3.50180000 
 H                  3.72609000    1.61371200    2.29411800 
 H                  5.09192800    1.01231200    1.36328500 
 C                  3.80772100   -0.78469000    4.64568300 
 H                  2.13166500   -0.07056300    3.47123700 
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 H                  2.42030300   -1.79706500    3.32749900 
 C                  4.55231100    0.55102500    4.77316100 
 H                  5.83714100    1.83594500    3.57700000 
 H                  6.16819600    0.11486500    3.40117000 
 H                  3.18875800   -0.96375300    5.53411100 
 H                  4.53983400   -1.60633700    4.60446300 
 H                  5.21430500    0.53828900    5.64886000 
 H                  3.82311500    1.35658100    4.93858100 
 C                  3.94493700   -0.93799000   -0.89971100 
 C                  4.71347600    0.34070900   -1.30473900 
 C                  4.93297900   -2.11474400   -0.76955800 
 H                  3.24826600   -1.17589800   -1.71390700 
 C                  5.45578900    0.13194600   -2.63594300 
 H                  5.45306700    0.58946600   -0.53354100 
 H                  4.03473900    1.19610300   -1.38092300 
 C                  5.70398900   -2.32899100   -2.08668800 
 H                  5.65161700   -1.91063600    0.03782500 
 H                  4.40829600   -3.03813400   -0.50864700 
 C                  6.42438100   -1.05614900   -2.55241300 
 H                  5.99821000    1.04759300   -2.90479000 
 H                  4.72071500   -0.04394400   -3.43450200 
 H                  6.42109000   -3.15118100   -1.96441800 
 H                  4.99323900   -2.64853200   -2.86316700 
 H                  6.90765100   -1.22662400   -3.52308100 
 H                  7.22882400   -0.81526400   -1.84142000 
 C                  0.67059300    3.07270500   -0.92778900 
 C                  0.16771200    4.23949400   -0.33550000 
 C                  0.68583200    3.06769400   -2.33513100 
 C                 -0.29111700    5.30173900   -1.11691500 
 H                  0.13606800    4.31305400    0.74565700 
 C                  0.22544300    4.11585500   -3.14816900 
 C                 -0.27019900    5.24585700   -2.52114900 
 H                 -0.67573400    6.19273800   -0.62627800 
 H                  0.27249600    4.02284900   -4.22744100 
 H                 -0.63434400    6.08188300   -3.11028600 
 Br                 0.91198100    2.10606700    2.17583000 
 C                 -0.05470600   -1.53251200   -2.00335000 
 N                  1.23018200    1.90698100   -2.96551000 
 O                  1.69880000    0.99506300   -2.20758200 
 O                  1.25995800    1.77654700   -4.18280600 
 C                  0.25688200   -4.05444300    0.19708800 
 O                 -1.60698200   -1.71076000    1.30414200 
 C                 -2.56952500   -2.66569500    1.75204300 
 H                 -2.40849500   -3.64039300    1.27460700 
 H                 -2.40532200   -2.76516900    2.82736300 
 H                 -3.59452600   -2.33260300    1.56977100 
 H                 -0.87652900   -0.60199400   -3.77818500 
 H                 -0.68855700   -4.32227600   -0.26519100 
 H                  0.63070400   -6.05260900    0.90248400 
 O                  1.10931500   -2.00227900   -2.53943600 
 C                  1.31807200   -1.84940600   -3.93935500 
 H                  1.39384500   -0.79358200   -4.21854100 
 H                  2.26416000   -2.35151600   -4.15171300 
 H                  0.51610200   -2.33186100   -4.51289500 
 C                 -3.90233600   -0.57502000   -0.25152300 
 C                 -4.15540100    0.48676900    0.64983500 
 C                 -4.98126500   -1.38177600   -0.69801300 
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 C                 -5.46920700    0.72216600    1.07165200 
 C                 -6.27602000   -1.09681600   -0.24712000 
 C                 -6.54771000   -0.05125300    0.63596100 
 H                 -5.65174200    1.54282300    1.76103100 
 H                 -7.10315300   -1.71334500   -0.59315700 
 C                 -4.79436300   -2.57179800   -1.64314700 
 H                 -3.72339100   -2.69868600   -1.82315400 
 C                 -5.30562900   -3.88879600   -1.02560600 
 H                 -4.81976800   -4.09384300   -0.06511500 
 H                 -6.38762700   -3.86594000   -0.85175000 
 H                 -5.09704200   -4.73074800   -1.69716300 
 C                 -5.45868100   -2.32164500   -3.01137500 
 H                 -5.06226300   -1.41761300   -3.48649600 
 H                 -5.28078400   -3.16683900   -3.68776200 
 H                 -6.54342900   -2.19558300   -2.91198700 
 C                 -3.05217600    1.40319600    1.17031500 
 H                 -2.09621500    1.06271900    0.76394300 
 C                 -3.26036400    2.85278600    0.69038900 
 H                 -2.43145500    3.48406500    1.02788500 
 H                 -3.30487500    2.90758200   -0.40365300 
 H                 -4.19155100    3.27884400    1.08414100 
 C                 -2.93599800    1.34252400    2.70495800 
 H                 -3.84445700    1.71254800    3.19688600 
 H                 -2.75814800    0.31594100    3.04033700 
 H                 -2.09107600    1.95328400    3.03948400 
 C                 -7.97100300    0.22577700    1.10315800 
 H                 -8.61943100   -0.51950300    0.62173900 
 C                 -8.45945400    1.61731000    0.65753300 
 H                 -7.85870900    2.41384100    1.11238300 
 H                 -8.39298600    1.72990900   -0.43026100 
 H                 -9.50324400    1.77538300    0.95494000 
 C                 -8.11948300    0.05027800    2.62644400 
 H                 -9.16178300    0.19901300    2.93416200 
 H                 -7.81006600   -0.95242400    2.94147500 
 H                 -7.50424900    0.77554400    3.17193500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
27a 
 
 SCF Energy = -2566.65908593 
 
 C                  1.52922300   -1.32430000   -0.76815100 
 C                  0.70783200   -2.44163100   -0.58016600 
 C                  0.07197900   -2.99937200   -1.73455700 
 C                  0.27025200   -2.50809300   -3.00058700 
 C                  1.14692500   -1.41819300   -3.21852800 
 C                  2.27812500   -0.68927400    0.37392500 
 C                  1.83328700    0.44632900    1.05744600 
 C                  2.65192800    0.98908600    2.09647900 
 C                  3.84742400    0.42511800    2.45882100 
 C                  4.34072300   -0.71430300    1.77698900 
 H                 -0.59048000   -3.85148900   -1.61030400 
 H                  2.33165900    1.88755400    2.61009500 
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 H                  4.44027100    0.86294600    3.25838000 
 P                  0.27057500    1.38562400    0.63864700 
 Pd                -1.72170400    0.19480600   -0.28119400 
 H                 -0.23194600   -2.95962800   -3.85313600 
 C                 -0.26149800    2.19247500    2.27468200 
 C                 -1.67842000    2.80885100    2.14782100 
 C                 -0.25781700    1.24310800    3.49686300 
 H                  0.44557700    3.01394500    2.46602100 
 C                 -2.06248500    3.58125800    3.42239600 
 H                 -2.39926000    1.99732800    1.98401200 
 H                 -1.75637900    3.46907300    1.28221800 
 C                 -0.62924100    2.00231600    4.78379800 
 H                 -0.98810200    0.44498500    3.32549900 
 H                  0.71145400    0.75640700    3.62955200 
 C                 -1.99732500    2.68825200    4.66840200 
 H                 -3.06939800    4.00180900    3.30504700 
 H                 -1.38026500    4.43560000    3.54700900 
 H                 -0.62298500    1.30566900    5.63176500 
 H                  0.14223500    2.75838700    4.99547600 
 H                 -2.20948100    3.27447600    5.57174100 
 H                 -2.78045200    1.91924500    4.60135100 
 C                  0.93527500    2.79839900   -0.44454400 
 C                 -0.06981500    3.95664600   -0.62951200 
 C                  2.31484600    3.37245500   -0.06022800 
 H                  1.03186100    2.29624500   -1.41599400 
 C                  0.41808100    4.93442700   -1.71235400 
 H                 -0.17192900    4.50798400    0.31561500 
 H                 -1.05510800    3.56994800   -0.90308500 
 C                  2.81127100    4.36636600   -1.12750100 
 H                  2.24850800    3.88808600    0.90966600 
 H                  3.05553500    2.57690100    0.05917700 
 C                  1.80599900    5.49790500   -1.37870600 
 H                 -0.30881000    5.74936700   -1.82254900 
 H                  0.45061200    4.41010600   -2.67749200 
 H                  3.78322600    4.77563400   -0.82224300 
 H                  2.98123500    3.81864100   -2.06578300 
 H                  2.16139900    6.14993100   -2.18698300 
 H                  1.73525400    6.12626500   -0.47791700 
 C                 -3.45655600   -0.74715900   -0.72910400 
 C                 -4.17606900   -0.86159400   -1.92706300 
 C                 -4.03248500   -1.38301600    0.38696900 
 C                 -5.38085400   -1.56541800   -1.97555300 
 H                 -3.78904300   -0.39127100   -2.82407000 
 C                 -5.24499500   -2.09092700    0.37126500 
 C                 -5.92248300   -2.17899100   -0.83256000 
 H                 -5.91446100   -1.63791700   -2.92043800 
 H                 -5.61490300   -2.54802900    1.28228800 
 H                 -6.86264600   -2.71869400   -0.89156400 
 Br                -1.56362100    1.22164600   -2.52797600 
 C                  1.79259100   -0.81771700   -2.09011800 
 C                  2.71721200    0.23727000   -2.34067100 
 C                  1.41658900   -0.93062600   -4.52495100 
 C                  2.96936700    0.68030400   -3.62069200 
 H                  3.24854800    0.68375400   -1.50761000 
 C                  2.30648700    0.09853400   -4.72738400 
 H                  0.90617000   -1.39371100   -5.36600300 
 H                  3.68839700    1.47912100   -3.78296800 
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 H                  2.50845500    0.46061500   -5.73172300 
 N                 -3.31013000   -1.30280100    1.62040100 
 O                 -2.18248300   -0.69921600    1.59577300 
 O                 -3.72913900   -1.78955800    2.65796900 
 C                  3.55977200   -1.26528900    0.71037300 
 C                  4.10512900   -2.37043600   -0.00539000 
 C                  5.33072000   -2.90481200    0.32898900 
 H                  3.54351400   -2.79016500   -0.83119700 
 C                  5.59485800   -1.29352300    2.10697400 
 C                  6.08287900   -2.36850100    1.40045500 
 H                  5.72411400   -3.74423500   -0.23769500 
 H                  6.16634200   -0.86284200    2.92574500 
 H                  7.04569300   -2.80191600    1.65686900 
 Si                 0.45963200   -3.47765600    1.01344000 
 C                  0.62262100   -2.55111700    2.65162700 
 H                 -0.11164600   -1.74505600    2.73293800 
 H                  0.42963700   -3.25839100    3.46921800 
 H                  1.61975600   -2.12936300    2.80746500 
 C                 -1.27233400   -4.26057400    0.93137700 
 H                 -1.57736100   -4.59945400    1.92895200 
 H                 -2.03193800   -3.55986000    0.56927700 
 H                 -1.29396900   -5.13575700    0.27119600 
 C                  1.70935400   -4.90780700    0.99519300 
 H                  1.65510400   -5.47467900    0.05781400 
 H                  2.73978600   -4.55856500    1.11686600 
 H                  1.49152800   -5.60366500    1.81582400 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
27b 
 
 SCF Energy = -2566.66145346 
 
 C                 -1.30465300   -1.61390600   -0.07620800 
 C                 -0.76747700   -2.08278200   -1.28061500 
 C                  0.18164200   -3.15119900   -1.20933200 
 C                  0.53956200   -3.75148100   -0.02707700 
 C                 -0.04583600   -3.33774800    1.19490000 
 C                 -2.34138000   -0.52150100   -0.03799200 
 C                 -2.04299400    0.82748700    0.18239900 
 C                 -3.11953800    1.76503100    0.25404600 
 C                 -4.42965500    1.39282600    0.09674400 
 C                 -4.77173400    0.03525000   -0.11415700 
 H                  0.63452000   -3.51227700   -2.12812000 
 H                 -2.90506600    2.80825700    0.44872400 
 H                 -5.22042500    2.13714900    0.15211900 
 P                 -0.31787000    1.49402000    0.48498300 
 Pd                 1.70610800    0.25065100   -0.28248600 
 H                  1.25919800   -4.56755100   -0.01871100 
 C                 -0.41644700    3.31716100   -0.02169500 
 C                  0.96502000    4.00927100    0.08821100 
 C                 -0.98017900    3.54237600   -1.44497200 
 H                 -1.08786200    3.80483800    0.70137400 
 C                  0.85540100    5.51260200   -0.22340800 
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 H                  1.65524300    3.53768600   -0.62021100 
 H                  1.39620900    3.87960100    1.08383200 
 C                 -1.09768100    5.04423000   -1.75911300 
 H                 -0.30497100    3.07053200   -2.16628400 
 H                 -1.95636500    3.06570900   -1.56924800 
 C                  0.25017300    5.76300700   -1.61063600 
 H                  1.85013300    5.97082300   -0.15230100 
 H                  0.23133900    6.00014900    0.54140100 
 H                 -1.48898900    5.17301000   -2.77630900 
 H                 -1.83327400    5.50434300   -1.08095600 
 H                  0.13130400    6.83990600   -1.78724600 
 H                  0.94295200    5.39040900   -2.37819900 
 C                 -0.23994600    1.47024500    2.38206300 
 C                  1.08593900    2.00453900    2.96897000 
 C                 -1.42617700    2.10268200    3.13859200 
 H                 -0.25751700    0.38968800    2.57490500 
 C                  1.18977800    1.65259400    4.46288200 
 H                  1.12056400    3.09675300    2.86984500 
 H                  1.94563400    1.60324300    2.42341400 
 C                 -1.33585100    1.79128300    4.64562500 
 H                 -1.42021500    3.19297200    2.99312200 
 H                 -2.38244600    1.73694100    2.75183400 
 C                  0.00510300    2.23014500    5.25113000 
 H                  2.13644100    2.03370900    4.86713400 
 H                  1.21620500    0.55973400    4.57372400 
 H                 -2.16956200    2.27380600    5.17220100 
 H                 -1.45931800    0.70795300    4.78794400 
 H                  0.06143100    1.92805200    6.30476800 
 H                  0.06563200    3.32875500    5.23756300 
 C                  3.41147700   -0.80242000   -0.58349500 
 C                  4.26752800   -0.90011100   -1.68885200 
 C                  3.77992000   -1.56729800    0.53766400 
 C                  5.40156100   -1.71442600   -1.64869400 
 H                  4.04497600   -0.33188800   -2.58513000 
 C                  4.91326100   -2.39077800    0.61045800 
 C                  5.73079700   -2.46127500   -0.50515700 
 H                  6.04529200   -1.76971700   -2.52349600 
 H                  5.12130000   -2.94263400    1.52047300 
 H                  6.61827500   -3.08659700   -0.49299900 
 Br                 1.85943500    1.33022200   -2.51550300 
 C                 -0.98744800   -2.25766300    1.17394000 
 C                 -1.61155000   -1.90129600    2.40459700 
 C                  0.26204500   -3.97922400    2.42481100 
 C                 -1.30520600   -2.55360400    3.57945000 
 H                 -2.35587000   -1.11254200    2.41130900 
 C                 -0.35051500   -3.59734600    3.59586100 
 H                  0.98896800   -4.78793300    2.42019100 
 H                 -1.80568700   -2.26746400    4.50085400 
 H                 -0.11041600   -4.09813500    4.52959000 
 N                  2.92600500   -1.48195600    1.68528900 
 O                  1.89608300   -0.73511000    1.58847100 
 O                  3.15990400   -2.08703700    2.71876800 
 C                 -3.71975700   -0.93539300   -0.16385900 
 C                 -4.09135400   -2.30296500   -0.31828300 
 C                 -5.41261000   -2.67725900   -0.43355500 
 H                 -3.31779200   -3.06102500   -0.34048300 
 C                 -6.12405900   -0.37879500   -0.24650900 
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 C                 -6.44251000   -1.70768800   -0.40427800 
 H                 -5.66551800   -3.72787700   -0.54638000 
 H                 -6.90420700    0.37794200   -0.21268600 
 H                 -7.48001200   -2.01580000   -0.50024300 
 Si                -1.29301500   -1.62226400   -3.07208400 
 C                 -1.97767400    0.12098600   -3.31214200 
 H                 -1.24331700    0.87577400   -3.01638700 
 H                 -2.18608600    0.26442000   -4.38070800 
 H                 -2.90783300    0.30012600   -2.76502700 
 C                 -2.60915400   -2.88465200   -3.60935700 
 H                 -3.54164900   -2.77823800   -3.04537100 
 H                 -2.84388400   -2.74732200   -4.67289200 
 H                 -2.25433200   -3.91458800   -3.48043200 
 C                  0.19860700   -1.83693400   -4.22027700 
 H                 -0.08122700   -1.51535800   -5.23180900 
 H                  1.04192400   -1.21760400   -3.89809400 
 H                  0.53687200   -2.87700700   -4.29620000 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
28a 
 
 SCF Energy = -2429.75291994 
 
 C                 -1.47118200   -1.55386700   -0.05870000 
 C                 -0.44838400   -2.26137300   -0.68875000 
 C                  0.27551200   -3.31522100   -0.01781400 
 C                 -0.05867100   -3.56236000    1.29722500 
 C                 -1.07685100   -2.86173500    1.98957800 
 C                 -2.33973000   -0.57249500   -0.79294400 
 C                 -2.06155300    0.78994200   -0.90186500 
 C                 -2.99430500    1.63175300   -1.58665700 
 C                 -4.14593000    1.14528500   -2.14726100 
 C                 -4.47143600   -0.23014900   -2.04434000 
 H                 -2.79760300    2.69487500   -1.65687800 
 H                 -4.82949500    1.81500300   -2.66374100 
 P                 -0.58360400    1.62302900   -0.12030900 
 Pd                 1.61162000    0.48487700    0.29255200 
 H                  0.45706800   -4.33823000    1.85006200 
 C                 -0.22754900    3.07958600   -1.28813700 
 C                  1.09872600    3.78613700   -0.91022300 
 C                 -0.16485600    2.66313800   -2.77840100 
 H                 -1.04192100    3.80914500   -1.16059700 
 C                  1.36312300    5.00421400   -1.81262500 
 H                  1.92357900    3.07113700   -1.02043400 
 H                  1.09876800    4.09989000    0.13567900 
 C                  0.10119100    3.87676600   -3.68772400 
 H                  0.63874400    1.92989400   -2.90773100 
 H                 -1.09109600    2.17438200   -3.09264300 
 C                  1.38803300    4.61434900   -3.29583000 
 H                  2.31217100    5.47293700   -1.52263300 
 H                  0.57869000    5.75779200   -1.64522400 
 H                  0.15519400    3.54299500   -4.73186400 
 H                 -0.74994600    4.57230900   -3.62619900 
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 H                  1.52606500    5.50356500   -3.92423600 
 H                  2.25055900    3.95845800   -3.48291600 
 C                 -1.33967200    2.34775100    1.46312100 
 C                 -0.42348800    3.37689500    2.16062800 
 C                 -2.76984200    2.91555800    1.36125700 
 H                 -1.37076400    1.45489000    2.10271200 
 C                 -0.95648900    3.72188700    3.56162600 
 H                 -0.39208400    4.29951100    1.56471000 
 H                  0.59754700    2.99292700    2.23912600 
 C                 -3.31331400    3.28326200    2.75536400 
 H                 -2.77158300    3.81353200    0.72507600 
 H                 -3.44752200    2.19666700    0.89256000 
 C                 -2.39237400    4.25968100    3.49881100 
 H                 -0.29313000    4.45759000    4.03419100 
 H                 -0.92254200    2.81981600    4.18800400 
 H                 -4.32139500    3.70655400    2.65490400 
 H                 -3.41749300    2.36190900    3.34666400 
 H                 -2.77699700    4.44994500    4.50902800 
 H                 -2.39370400    5.22801900    2.97566300 
 C                  3.53642100   -0.12460700    0.43312800 
 C                  4.31162700   -0.52323000    1.53121700 
 C                  4.20776400   -0.09309300   -0.80318200 
 C                  5.65670000   -0.86480900    1.37397400 
 H                  3.85589500   -0.56530900    2.51403400 
 C                  5.55646900   -0.42993600   -0.99266200 
 C                  6.28520500   -0.82087600    0.11809600 
 H                  6.23055400   -1.17160500    2.24538300 
 H                  5.99049500   -0.37841500   -1.98501000 
 H                  7.33232100   -1.08934600    0.01708500 
 Br                 1.21378800    0.15760300    2.71366700 
 C                 -1.81561700   -1.85539700    1.30165900 
 C                 -2.86516300   -1.19706400    2.00200800 
 C                 -1.39075600   -3.16226600    3.34094600 
 C                 -3.14789200   -1.50901100    3.31479600 
 H                 -3.45444800   -0.44163500    1.49323200 
 C                 -2.40301400   -2.49911500    3.99714000 
 H                 -0.81166600   -3.92928900    3.84996300 
 H                 -3.95399500   -0.99210100    3.82915300 
 H                 -2.63407400   -2.73497800    5.03225400 
 N                  3.44097900    0.30760100   -1.94501600 
 O                  2.21942700    0.61871600   -1.74461900 
 O                  3.91831100    0.35758100   -3.06750700 
 C                 -3.56994300   -1.09618000   -1.34775500 
 C                 -3.92933600   -2.47040400   -1.23578900 
 C                 -5.09653600   -2.95264600   -1.78763800 
 H                 -3.27141400   -3.14564500   -0.70192300 
 C                 -5.66599500   -0.75499600   -2.60535000 
 C                 -5.97559800   -2.09011700   -2.48312800 
 H                 -5.34534000   -4.00523700   -1.68385600 
 H                 -6.33320000   -0.07769800   -3.13317100 
 H                 -6.89242700   -2.48267200   -2.91431500 
 C                  1.32694200   -4.18997700   -0.74301700 
 C                  0.65487200   -4.95720500   -1.90888600 
 H                 -0.17997600   -5.56793300   -1.54458900 
 H                  0.27827800   -4.28325500   -2.68007100 
 H                  1.38164900   -5.63036300   -2.38069100 
 C                  2.50462500   -3.34511400   -1.28165800 
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 H                  3.22537600   -3.99810500   -1.79052000 
 H                  2.16479800   -2.58730300   -1.98816300 
 H                  3.02533800   -2.84634400   -0.45797100 
 C                  1.93410600   -5.25067200    0.20082100 
 H                  2.67533400   -5.83835100   -0.35231500 
 H                  2.44729200   -4.79426500    1.05465600 
 H                  1.18101000   -5.94953700    0.58240900 
 O                 -0.01995100   -1.95873500   -1.96321000 
 C                 -0.91230400   -1.94489100   -3.07744900 
 H                 -1.40952400   -0.97784700   -3.18996300 
 H                 -0.28917900   -2.12873800   -3.95725900 
 H                 -1.66761000   -2.73350900   -2.99658900 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
28b 
 
 SCF Energy = -2429.75100681 
 
 C                 -0.51222600    1.94177500   -0.19976400 
 C                  0.01048600    2.14008300    1.07901100 
 C                  1.34573800    2.62510900    1.29747700 
 C                  2.05924900    2.96821100    0.16157000 
 C                  1.56819600    2.81829000   -1.15660800 
 C                 -1.95043100    1.53265700   -0.35103900 
 C                 -2.41036800    0.22043800   -0.21784900 
 C                 -3.81949500   -0.01844700   -0.25688600 
 C                 -4.72931700    0.97936800   -0.48995000 
 C                 -4.29688900    2.31064500   -0.69887100 
 H                 -4.19548100   -1.01899500   -0.08729600 
 H                 -5.79339300    0.75638000   -0.51360700 
 P                 -1.31191400   -1.28227200   -0.01382900 
 Pd                 1.19341800   -1.07998800    0.01485000 
 H                  3.06092100    3.37351300    0.26355700 
 C                 -2.21143900   -2.22002600    1.35526700 
 C                 -1.61361300   -3.61489400    1.64164500 
 C                 -2.26567400   -1.36026800    2.63967900 
 H                 -3.24209500   -2.37751200    1.00710500 
 C                 -2.36806900   -4.31855400    2.78436000 
 H                 -0.55529200   -3.51346600    1.90540900 
 H                 -1.66525700   -4.24240200    0.74605700 
 C                 -3.01244400   -2.08641500    3.77079900 
 H                 -1.24306900   -1.13077300    2.95867300 
 H                 -2.75090700   -0.40096800    2.43077100 
 C                 -2.40431100   -3.46572100    4.05868400 
 H                 -1.89615000   -5.28887500    2.98488800 
 H                 -3.39936300   -4.53282700    2.46350600 
 H                 -2.99661000   -1.46398500    4.67471700 
 H                 -4.07133000   -2.20795800    3.49391700 
 H                 -2.97449100   -3.97916800    4.84384800 
 H                 -1.38123600   -3.33884000    4.43956700 
 C                 -1.58166100   -2.22393500   -1.65051500 
 C                 -0.59695500   -3.41020300   -1.80166100 
 C                 -3.01003300   -2.68567100   -2.00641700 
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 H                 -1.28085900   -1.46382800   -2.38585900 
 C                 -0.64268900   -3.99438100   -3.22311200 
 H                 -0.85537800   -4.20210200   -1.08835300 
 H                  0.42366900   -3.09784000   -1.55983800 
 C                 -3.06423200   -3.30269100   -3.41814700 
 H                 -3.35309300   -3.42939300   -1.27216100 
 H                 -3.71066400   -1.84780200   -1.96861700 
 C                 -2.06024000   -4.44857000   -3.59459500 
 H                  0.06007600   -4.83425500   -3.29722900 
 H                 -0.30001600   -3.23268600   -3.93833300 
 H                 -4.08485700   -3.65041500   -3.62442400 
 H                 -2.84788500   -2.51590400   -4.15577600 
 H                 -2.08697900   -4.82141900   -4.62648900 
 H                 -2.35148900   -5.29095600   -2.94945100 
 C                  3.17941900   -1.00292200   -0.35765000 
 C                  4.29397300   -1.15278200    0.47905400 
 C                  3.46669500   -0.75927500   -1.71317900 
 C                  5.59129700   -1.04811200   -0.02742100 
 H                  4.14204000   -1.35803000    1.53284000 
 C                  4.75723300   -0.65201400   -2.25166600 
 C                  5.83075700   -0.79563300   -1.38833800 
 H                  6.43499600   -1.16736900    0.64836000 
 H                  4.88410500   -0.46337000   -3.31189400 
 H                  6.84679900   -0.71852800   -1.76322500 
 Br                 1.54839000   -1.65875600    2.40111600 
 C                  0.26129400    2.27712000   -1.35389300 
 C                 -0.21637000    2.12733300   -2.68654400 
 C                  2.34715100    3.18893600   -2.28827300 
 C                  0.56025400    2.49705500   -3.76178300 
 H                 -1.20507300    1.71144500   -2.85001100 
 C                  1.85593800    3.03513600   -3.56410300 
 H                  3.34114200    3.59870100   -2.12332200 
 H                  0.18033400    2.36974400   -4.77159200 
 H                  2.45855400    3.32030600   -4.42200500 
 N                  2.34726800   -0.63408000   -2.60113800 
 O                  1.18455100   -0.71093900   -2.08199300 
 O                  2.48256900   -0.47599700   -3.80302400 
 C                 -2.89611700    2.59619800   -0.61461600 
 C                 -2.49166600    3.95285300   -0.78930300 
 C                 -3.40940000    4.94772800   -1.04632900 
 H                 -1.44026700    4.20430300   -0.72296600 
 C                 -5.22045000    3.35703500   -0.96383100 
 C                 -4.78968600    4.65143900   -1.13854200 
 H                 -3.06837300    5.97066800   -1.18033800 
 H                 -6.27816600    3.11181300   -1.02377300 
 H                 -5.50288300    5.44530300   -1.34276500 
 C                  2.04275400    2.82848100    2.67287600 
 C                  2.14584900    4.34864600    2.95246900 
 H                  2.70661100    4.86847800    2.16750100 
 H                  1.15397800    4.81229600    3.01505100 
 H                  2.65770800    4.52422600    3.90682900 
 C                  3.47327000    2.23155200    2.61063700 
 H                  3.43158900    1.16056400    2.38928100 
 H                  4.10785400    2.71248700    1.85998600 
 H                  3.96602900    2.36199100    3.58138100 
 C                  1.35868900    2.15388400    3.88375200 
 H                  2.03151600    2.24207500    4.74591800 
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 H                  0.41853400    2.63150800    4.16352500 
 H                  1.17105600    1.09325400    3.70460500 
 O                 -0.79767300    1.81905300    2.15206200 
 C                 -1.61591700    2.87440900    2.65635600 
 H                 -2.39518300    3.15735200    1.94137800 
 H                 -2.08098500    2.48933800    3.56695800 
 H                 -1.02064200    3.76235600    2.90406200 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
29a 
 
 SCF Energy = -2279.73063120 
 
 C                 -0.75781100   -1.77178800    1.29928500 
 C                 -1.85134000   -1.11733200    1.92535300 
 C                 -3.10609900   -1.20802200    1.29543000 
 C                 -3.33533700   -1.89283800    0.09905300 
 C                 -2.24962500   -2.53053000   -0.50247200 
 C                  0.60368400   -1.97227700    1.90583600 
 C                  1.79559600   -1.32014700    1.50942400 
 C                  2.98938700   -1.64394500    2.18512200 
 C                  3.03639700   -2.59251500    3.20290300 
 C                  1.87092500   -3.27101100    3.55527700 
 H                  3.91442900   -1.15345800    1.90149600 
 H                  3.97846000   -2.80953200    3.69894500 
 P                  1.91359600   -0.11714400    0.09117800 
 Pd                -0.11850700    1.08669500   -0.72200800 
 C                  3.18858600    1.16653400    0.67079900 
 C                  3.19298500    2.40455300   -0.26097400 
 C                  2.97629600    1.64600600    2.12670600 
 H                  4.17652700    0.68534100    0.60272000 
 C                  4.28259900    3.41152700    0.14797700 
 H                  2.21022900    2.88946500   -0.20048100 
 H                  3.33449900    2.12025200   -1.30567600 
 C                  4.06623100    2.64860400    2.54710300 
 H                  1.99440300    2.12755500    2.20287300 
 H                  2.96791300    0.80460200    2.82387400 
 C                  4.12411200    3.85936700    1.60644300 
 H                  4.24908200    4.27795600   -0.52498900 
 H                  5.27229900    2.94976300    0.01213500 
 H                  3.88142200    2.97494000    3.57857500 
 H                  5.04367000    2.14235000    2.55071600 
 H                  4.94523400    4.52886800    1.89329100 
 H                  3.19502900    4.43873700    1.70774600 
 C                  2.75664500   -1.13247600   -1.27260400 
 C                  3.33925900   -0.25106900   -2.39894300 
 C                  3.79845200   -2.18063900   -0.83454400 
 H                  1.89394100   -1.66540700   -1.68809300 
 C                  3.77809200   -1.10802500   -3.59845100 
 H                  4.21626200    0.29407600   -2.02293100 
 H                  2.60195200    0.48605000   -2.73011400 
 C                  4.25563500   -3.03399100   -2.03324900 
 H                  4.67678800   -1.68140700   -0.39813900 
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 H                  3.38620400   -2.83608900   -0.06336100 
 C                  4.79800300   -2.17700000   -3.18451300 
 H                  4.19805600   -0.45875900   -4.37741000 
 H                  2.89206600   -1.58929300   -4.03529700 
 H                  5.01320100   -3.75545300   -1.70025600 
 H                  3.40054800   -3.62411200   -2.39487000 
 H                  5.06036200   -2.81141400   -4.04101400 
 H                  5.72868400   -1.68570000   -2.86259300 
 C                 -1.67160900    2.29085500   -1.21908700 
 C                 -2.55687100    2.27726300   -2.30664100 
 C                 -1.87772300    3.32286100   -0.28531500 
 C                 -3.56512800    3.23641800   -2.42422100 
 H                 -2.44867100    1.51292300   -3.06802700 
 C                 -2.87905000    4.30247300   -0.37667800 
 C                 -3.73238800    4.25039100   -1.46543000 
 H                 -4.23579000    3.19812300   -3.27948400 
 H                 -2.96123400    5.06319600    0.39173100 
 H                 -4.52183800    4.98739300   -1.57612100 
 Br                -0.29094500   -0.18222700   -2.85508600 
 C                 -0.99088600   -2.47471900    0.09375800 
 N                 -0.98916800    3.36393600    0.83655100 
 O                 -0.10289900    2.44478300    0.90990500 
 O                 -1.05743800    4.22804600    1.69541300 
 C                  0.68169700   -2.96284700    2.90300800 
 H                  1.88676100   -4.03542200    4.32760300 
 H                 -0.22621800   -3.49852000    3.16191000 
 H                 -2.37421500   -3.06237100   -1.43411200 
 O                  0.10065700   -3.12297100   -0.42312500 
 C                 -0.07036300   -3.92867000   -1.58054300 
 H                 -0.37055200   -3.32672200   -2.44590800 
 H                  0.90590900   -4.37888700   -1.77269300 
 H                 -0.80663100   -4.72483600   -1.40751600 
 C                 -4.75404900   -1.94228400   -0.49992800 
 C                 -5.28305500   -0.50501600   -0.71727600 
 H                 -5.34855500    0.05346700    0.22214700 
 H                 -4.62792300    0.05573600   -1.39277800 
 H                 -6.28787000   -0.53378400   -1.15717100 
 C                 -4.79166100   -2.67225500   -1.85658600 
 H                 -4.14832800   -2.18444500   -2.59769800 
 H                 -4.48004100   -3.71933700   -1.76659900 
 H                 -5.81501800   -2.66836200   -2.24933900 
 C                 -5.69236700   -2.69068900    0.47728200 
 H                 -5.74316900   -2.19320900    1.45159000 
 H                 -6.71043700   -2.73724600    0.07075000 
 H                 -5.34597600   -3.71732100    0.64402700 
 C                 -1.81456100   -0.37373900    3.29558200 
 C                 -0.44808300    0.24471700    3.66546100 
 H                 -0.08581000    0.91014700    2.87721900 
 H                 -0.56675200    0.84443100    4.57583700 
 H                  0.31912800   -0.50139500    3.87002400 
 C                 -2.22865900   -1.36694600    4.41111200 
 H                 -2.28737300   -0.84878000    5.37688100 
 H                 -3.20932100   -1.80985100    4.20324800 
 H                 -1.50475000   -2.18093500    4.51422500 
 C                 -2.82938700    0.80104000    3.31486500 
 H                 -2.68776100    1.38502600    4.23068400 
 H                 -2.68391000    1.47050200    2.46066200 
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 H                 -3.87173200    0.46924200    3.31147900 
 H                 -3.95227200   -0.72838100    1.76766400 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
29b 
 
 SCF Energy = -2279.73341731 
 
 C                 -0.73586500    2.01675100    0.68739100 
 C                 -1.54763800    2.35796800   -0.42556600 
 C                 -2.90259900    1.98058400   -0.37916300 
 C                 -3.49276600    1.29745300    0.68670700 
 C                 -2.67998500    0.96879400    1.77514100 
 C                  0.65679800    2.53036600    0.93842800 
 C                  1.86373600    1.80574500    0.78707900 
 C                  3.07513000    2.46628800    1.07513400 
 C                  3.11931300    3.78346800    1.52490300 
 C                  1.92688500    4.47708300    1.72023400 
 H                  4.01508000    1.94170500    0.94777500 
 H                  4.07711500    4.25371600    1.73016200 
 P                  1.95255900    0.00846700    0.29528900 
 Pd                -0.05576400   -1.11779500   -0.67017400 
 C                  3.58431600   -0.12880000   -0.65326800 
 C                  3.80448400   -1.54942200   -1.22606000 
 C                  3.71631800    0.91405400   -1.78775900 
 H                  4.38222900    0.05758300    0.08138200 
 C                  5.17031100   -1.65936100   -1.92809200 
 H                  3.00469700   -1.77229200   -1.94116200 
 H                  3.74503700   -2.30526300   -0.43777300 
 C                  5.08519000    0.80546600   -2.48144400 
 H                  2.92201000    0.74018900   -2.52213900 
 H                  3.57891200    1.92943800   -1.40483200 
 C                  5.33142300   -0.60583900   -3.03145700 
 H                  5.28326000   -2.66879100   -2.34378200 
 H                  5.97404500   -1.53572500   -1.18595700 
 H                  5.14385700    1.54624700   -3.28908200 
 H                  5.88069700    1.06134200   -1.76432100 
 H                  6.33117600   -0.67301500   -3.47986400 
 H                  4.60937600   -0.81046500   -3.83450900 
 C                  2.23145900   -0.83344800    1.97595800 
 C                  2.26420700   -2.37674700    1.90060000 
 C                  3.41823400   -0.33167900    2.82306000 
 H                  1.30793800   -0.54881200    2.49590400 
 C                  2.19383000   -2.98953300    3.30986700 
 H                  3.19848300   -2.70604800    1.42904300 
 H                  1.44431400   -2.75465600    1.28207100 
 C                  3.38761900   -0.95424800    4.23254200 
 H                  4.36609000   -0.59852100    2.33262200 
 H                  3.39798000    0.75772900    2.91547200 
 C                  3.34628100   -2.48815100    4.19174600 
 H                  2.21726400   -4.08462600    3.23887800 
 H                  1.23119300   -2.72448300    3.76987700 
 H                  4.25831400   -0.60993700    4.80565800 
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 H                  2.49887700   -0.58190700    4.76326700 
 H                  3.25664500   -2.89281000    5.20808000 
 H                  4.29787300   -2.86511100    3.78814100 
 C                 -1.69312400   -2.20985800   -1.15434000 
 C                 -2.23997000   -2.57212200   -2.39348500 
 C                 -2.37923400   -2.69444400   -0.02495300 
 C                 -3.38489900   -3.36730600   -2.46879800 
 H                 -1.76102000   -2.22975800   -3.30404500 
 C                 -3.53194600   -3.49549000   -0.06784800 
 C                 -4.03435400   -3.83422400   -1.31273300 
 H                 -3.78229600   -3.63316000   -3.44554600 
 H                 -3.99439100   -3.82660400    0.85529600 
 H                 -4.92181400   -4.45439000   -1.39294200 
 Br                 0.52247100   -0.73498500   -3.05134100 
 C                 -1.33300100    1.33222500    1.77408900 
 N                 -1.85028300   -2.33308400    1.25353300 
 O                 -0.77418900   -1.65175600    1.26980200 
 O                 -2.39765100   -2.65188100    2.30169400 
 C                  0.72082500    3.84612900    1.43395700 
 C                 -1.56714900    4.66568700   -1.42814200 
 H                 -1.05875600    5.10995500   -0.56540300 
 H                 -1.33240900    5.27873500   -2.30756400 
 H                 -2.64713400    4.72559800   -1.25188000 
 H                 -3.09073400    0.44486200    2.62624100 
 H                 -0.21255100    4.37944400    1.58715000 
 H                  1.93344100    5.49910100    2.08958000 
 O                 -0.50442700    1.08832400    2.83882700 
 C                 -1.04290800    0.45341000    3.99035500 
 H                 -1.40352700   -0.55549100    3.75987000 
 H                 -0.21900700    0.39220400    4.70468700 
 H                 -1.85600300    1.04586000    4.43013600 
 H                 -3.53409300    2.25108900   -1.21401400 
 C                 -1.11283700    3.20257000   -1.66218500 
 C                  0.40095400    3.20219600   -1.96695700 
 H                  0.78278600    2.18444600   -2.08387200 
 H                  0.56513600    3.72450300   -2.91713500 
 H                  0.99120000    3.71914600   -1.21038200 
 C                 -1.79854200    2.67873900   -2.95261000 
 H                 -1.41411000    3.23763400   -3.81340800 
 H                 -1.57723000    1.61882000   -3.11308600 
 H                 -2.88433200    2.81375500   -2.95196500 
 C                 -4.99904900    0.97091700    0.65707700 
 C                 -5.79952500    2.29590200    0.68085200 
 H                 -5.56022400    2.92693500   -0.18147700 
 H                 -6.87778700    2.09330600    0.66011500 
 H                 -5.57912400    2.87106300    1.58766500 
 C                 -5.43742000    0.12205900    1.86681800 
 H                 -4.89284000   -0.82795700    1.91794800 
 H                 -5.28811400    0.65224400    2.81446200 
 H                 -6.50568100   -0.10972400    1.78737800 
 C                 -5.35185900    0.18766500   -0.62915900 
 H                 -5.10968300    0.75299100   -1.53436200 
 H                 -4.80913400   -0.76265100   -0.67434900 
 H                 -6.42651600   -0.03239800   -0.65321200 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 212
 Pd            = LANL2DZ(f) 
 
30a 
 
 SCF Energy = -2195.25647211 
 
 C                  0.17691500    2.47252300   -0.63571700 
 C                  0.92950700    2.38799000    0.55101400 
 C                  2.34920900    2.38687400    0.55519900 
 C                  2.96222500    2.48974800   -0.69798300 
 C                  2.25107600    2.60558600   -1.89081800 
 C                  0.85914000    2.61005300   -1.86564200 
 C                 -1.31847700    2.58307200   -0.64364000 
 C                 -2.24571400    1.55634900   -0.35088200 
 C                 -3.61610900    1.88420400   -0.31227800 
 C                 -4.08599600    3.15945700   -0.60476700 
 C                 -3.17529100    4.15828100   -0.94841200 
 C                 -1.81814000    3.86384400   -0.95744600 
 H                  2.79250400    2.68444400   -2.82564000 
 H                 -4.34086800    1.12820500   -0.03168400 
 H                 -5.15181700    3.36703200   -0.56464000 
 H                 -3.51693000    5.16067100   -1.19227000 
 H                 -1.10269400    4.64261600   -1.20280700 
 P                 -1.82152900   -0.22737200    0.01638100 
 Pd                 0.44803000   -1.15772800   -0.31879000 
 C                  0.69902100    2.75175700   -4.24374500 
 H                  1.24870800    1.81811700   -4.41027100 
 H                 -0.11175700    2.83057400   -4.97024900 
 H                  1.37624700    3.60862000   -4.36298700 
 H                  4.04291300    2.49291100   -0.76586200 
 O                  0.07513200    2.75365300   -2.96923400 
 C                 -3.03151600   -1.11814500   -1.10900900 
 C                 -3.13291800   -2.69447600   -1.14342000 
 C                  2.24562600   -2.07682700   -0.43179200 
 C                  3.11713800   -2.28469400   -1.50917200 
 C                  2.67123400   -2.59313600    0.80463700 
 C                  4.32377900   -2.96582800   -1.33224900 
 H                  2.84420800   -1.91390200   -2.49085300 
 C                  3.87380900   -3.28436700    1.01341000 
 C                  4.70730700   -3.46865500   -0.07751700 
 H                  4.98011300   -3.11281700   -2.18685300 
 H                  4.12171800   -3.64986000    2.00378100 
 H                  5.64828800   -3.99766700    0.03843900 
 C                 -2.50695300   -0.40994100    1.72961200 
 C                 -3.83487000   -0.79257200    1.98075200 
 C                 -1.67807900   -0.11633200    2.82436300 
 C                 -4.31981400   -0.88309100    3.28650200 
 H                 -4.50391800   -1.02996600    1.16093500 
 C                 -2.16519200   -0.20482000    4.12962100 
 H                 -0.65268200    0.18775700    2.65673600 
 C                 -3.48525400   -0.59037000    4.36596800 
 H                 -5.34968000   -1.18590600    3.45704500 
 H                 -1.50500800    0.02123800    4.96276100 
 H                 -3.86084700   -0.66540200    5.38301300 
 C                  3.19497200    2.29124300    1.84750200 
 C                  2.92548700    0.95349600    2.57502800 
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 H                  3.49880300    0.90861300    3.50984400 
 H                  1.86765000    0.83123200    2.81283200 
 H                  3.24091100    0.11237700    1.94747200 
 C                  4.70836600    2.34455800    1.54415500 
 H                  5.00263200    3.28748600    1.06869200 
 H                  5.26462500    2.26342100    2.48481500 
 H                  5.03079900    1.51789800    0.90121200 
 C                  2.89169400    3.47125900    2.80262900 
 H                  3.58044400    3.44682700    3.65649400 
 H                  3.02468400    4.43321400    2.29313200 
 H                  1.87669200    3.42559800    3.19808400 
 O                  0.27334700    2.25621000    1.76520000 
 C                 -0.50544900    3.36092600    2.23685100 
 H                 -1.50188900    3.37719700    1.78872400 
 H                 -0.60135900    3.22367400    3.31726200 
 H                 -0.00005300    4.31257300    2.03643000 
 N                  1.80000200   -2.38121500    1.92382300 
 O                  2.06173200   -2.79690600    3.04008700 
 O                  0.72572500   -1.72614300    1.70827400 
 Br                 0.32183800   -0.77516600   -2.76880400 
 H                 -2.74077700   -0.75528900   -2.10086300 
 H                 -4.02469900   -0.69986000   -0.92092900 
 C                 -4.63097800   -3.07144300   -1.11558300 
 H                 -5.17372400   -2.60495300   -1.94724900 
 H                 -4.75522100   -4.15749200   -1.20486400 
 H                 -5.11149100   -2.76028900   -0.17976700 
 C                 -2.42768600   -3.40865400    0.02751300 
 H                 -1.36391100   -3.14645700    0.08131000 
 H                 -2.88046000   -3.16974800    0.99460300 
 H                 -2.49248400   -4.49455200   -0.11194300 
 C                 -2.53568600   -3.21858900   -2.46597900 
 H                 -2.66710000   -4.30575700   -2.53623600 
 H                 -3.03594500   -2.76431300   -3.33056000 
 H                 -1.46918800   -2.99287300   -2.54395400 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
30b 
 
 SCF Energy = -2195.26151161 
 
 C                 -0.45905600    2.27802700    0.93073200 
 C                 -0.89584100    2.39017800   -0.40386100 
 C                 -2.26796200    2.31963000   -0.76218200 
 C                 -3.16728500    2.16380300    0.29830800 
 C                 -2.77512200    2.08771100    1.63537300 
 C                 -1.42150700    2.14850200    1.95768900 
 C                  0.97620700    2.43731600    1.33074700 
 C                  2.01337900    1.50507000    1.10913800 
 C                  3.32535400    1.86109800    1.48304300 
 C                  3.61845400    3.06976400    2.10370800 
 C                  2.58546500    3.97003800    2.36727100 
 C                  1.29147700    3.65029200    1.97750700 
 H                 -3.52920800    1.97882100    2.40587800 
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 H                  4.14430900    1.18291000    1.26900000 
 H                  4.64371000    3.30451600    2.37666600 
 H                  2.78795800    4.91769300    2.85907800 
 H                  0.48594300    4.35487300    2.16065500 
 P                  1.81911600   -0.20390000    0.36621500 
 Pd                -0.42101300   -1.16133400   -0.13379800 
 C                 -1.84234300    1.88990500    4.29829600 
 H                 -2.36359900    0.93212900    4.19460600 
 H                 -1.23325500    1.87693900    5.20423000 
 H                 -2.57229500    2.70779100    4.36659000 
 H                 -4.22904500    2.11027900    0.09238700 
 O                 -0.93050100    2.09468800    3.22741100 
 C                  2.61800800   -1.20506800    1.74729700 
 C                  2.58468800   -2.76463300    1.77914900 
 C                 -2.25486600   -1.99575300   -0.27715200 
 C                 -2.96956500   -1.94774100    0.93351400 
 C                 -2.92519600   -2.59170100   -1.35461700 
 C                 -4.26534500   -2.45380500    1.11756800 
 C                 -4.21825200   -3.09721900   -1.20310500 
 H                 -2.42545100   -2.66646000   -2.31378500 
 C                 -4.89254500   -3.03433100    0.02788800 
 H                 -4.74011600   -2.37960500    2.08951000 
 H                 -4.71211300   -3.55351000   -2.05778600 
 H                 -5.89592500   -3.43709600    0.12670800 
 C                  3.05616200   -0.09132900   -1.00163900 
 C                  4.38835800   -0.51306100   -0.88968800 
 C                  2.64070600    0.51986400   -2.19639300 
 C                  5.28486400   -0.33323300   -1.94603500 
 H                  4.74422800   -0.98793100    0.01791200 
 C                  3.53958600    0.70739000   -3.24582900 
 H                  1.61184100    0.84496500   -2.30198900 
 C                  4.86308900    0.27784200   -3.12650300 
 H                  6.31193400   -0.67321700   -1.84193900 
 H                  3.19958400    1.17899600   -4.16398600 
 H                  5.55978900    0.41619700   -3.94906300 
 C                 -2.77042800    2.41627300   -2.22253200 
 C                 -2.17807800    1.27334300   -3.07967400 
 H                 -2.53006500    1.36260700   -4.11574300 
 H                 -1.08764400    1.29179500   -3.08333200 
 H                 -2.49301800    0.29643900   -2.69898800 
 C                 -4.30826600    2.29750000   -2.30330200 
 H                 -4.81817300    3.10880200   -1.77006800 
 H                 -4.61469700    2.35293500   -3.35380100 
 H                 -4.66971500    1.34167400   -1.90754200 
 C                 -2.39407300    3.78270000   -2.84541900 
 H                 -2.84820400    3.87657800   -3.83971400 
 H                 -2.76161600    4.61283300   -2.22980800 
 H                 -1.31559500    3.89099200   -2.96579300 
 O                  0.04051000    2.53376400   -1.41437500 
 C                  0.78278800    3.75671900   -1.47072100 
 H                  1.60940300    3.76549700   -0.75611900 
 H                  1.18459300    3.81723500   -2.48543300 
 H                  0.13280400    4.62010000   -1.28711400 
 N                 -2.31336000   -1.33456200    2.04954900 
 O                 -2.84025700   -1.27188100    3.15325000 
 O                 -1.15552000   -0.84591800    1.85372100 
 Br                 0.24719800   -1.98171600   -2.37054500 
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 C                  1.17293300   -3.29013000    2.10127200 
 H                  0.47504500   -3.09824100    1.27890700 
 H                  1.20401200   -4.37509200    2.25927000 
 H                  0.76833700   -2.82576400    3.00866700 
 C                  3.52887300   -3.18898600    2.92743300 
 H                  4.56064400   -2.86741300    2.73777100 
 H                  3.21242300   -2.75921000    3.88607100 
 H                  3.53438000   -4.28008000    3.03573800 
 C                  3.07130700   -3.40878800    0.46723300 
 H                  3.02900300   -4.50150400    0.55322000 
 H                  2.44866400   -3.12158600   -0.38693400 
 H                  4.10850700   -3.13977200    0.23970500 
 H                  2.11628800   -0.83249600    2.64952300 
 H                  3.65813600   -0.87109400    1.83342100 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
31a 
 
 SCF Energy = -2155.94113145 
 
 C                  0.37012000    1.98077100   -1.00840200 
 C                  1.59494700    2.21257600   -0.35188700 
 C                  2.83629200    1.79225900   -0.90170800 
 C                  2.76914500    1.10970100   -2.12081800 
 C                  1.57546700    0.86123900   -2.79709800 
 C                  0.37543700    1.31317300   -2.25471700 
 C                 -0.94046500    2.56696400   -0.56540500 
 C                 -1.93439400    1.91148400    0.19432400 
 C                 -3.15168900    2.58438400    0.43165200 
 C                 -3.39245800    3.86989700   -0.04137900 
 C                 -2.41457100    4.51303600   -0.79984900 
 C                 -1.21819700    3.85627800   -1.06222600 
 H                  1.59748200    0.32644300   -3.73863600 
 H                 -3.94356000    2.07474000    0.96647400 
 H                 -4.34365900    4.35321500    0.16425100 
 H                 -2.58801300    5.50926700   -1.19798800 
 H                 -0.46399300    4.34011900   -1.67613700 
 P                 -1.77797900    0.17986400    0.86817800 
 Pd                 0.14399100   -1.31208500    0.23289100 
 C                 -0.90530600    0.46719200   -4.08689600 
 H                 -0.58449100   -0.57120400   -3.95280400 
 H                 -1.95625300    0.48386900   -4.38055000 
 H                 -0.30304800    0.95579600   -4.86451500 
 H                  3.68106800    0.75808300   -2.58699800 
 O                 -0.83866200    1.18261700   -2.85908000 
 C                  1.73086300   -2.53667500   -0.02815200 
 C                  2.01382700   -3.49800500   -1.00877200 
 C                  2.70644000   -2.38787600    0.97395300 
 C                  3.19557300   -4.24041400   -0.96529600 
 H                  1.29902500   -3.66875500   -1.80545100 
 C                  3.89783200   -3.12552500    1.05036800 
 C                  4.13941600   -4.06303600    0.06033600 
 H                  3.38711000   -4.97656000   -1.74261200 
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 H                  4.59057200   -2.94681000    1.86518500 
 H                  5.05022000   -4.65369100    0.07833800 
 C                  4.20101700    2.09501100   -0.23698000 
 C                  4.31121800    1.42183100    1.15066600 
 H                  5.24246700    1.72875600    1.64392200 
 H                  3.47420500    1.68493300    1.79885200 
 H                  4.34291400    0.33223300    1.04591700 
 C                  5.37868500    1.57099800   -1.08780100 
 H                  5.41935800    2.04219400   -2.07686600 
 H                  6.31975700    1.80071500   -0.57539900 
 H                  5.33834600    0.48448200   -1.22426100 
 C                  4.40671000    3.62304700   -0.08941800 
 H                  5.42309700    3.82934000    0.26872500 
 H                  4.28154600    4.13189900   -1.05276300 
 H                  3.71180000    4.06216700    0.62697900 
 O                  1.61647400    2.79406100    0.90256600 
 C                  1.19850800    4.14774700    1.07719900 
 H                  0.12044800    4.22326600    1.24045000 
 H                  1.72157200    4.51443700    1.96537100 
 H                  1.47629100    4.76759300    0.21689500 
 N                  2.45150100   -1.40209400    1.98071000 
 O                  3.19729900   -1.23319000    2.93204700 
 O                  1.40327500   -0.68755900    1.84087900 
 Br                -1.13667000   -2.40780800   -1.57962200 
 C                 -1.81994500    0.41818600    2.78595900 
 C                 -3.18055400    0.87787700    3.34384100 
 H                 -3.11799100    0.90111900    4.43984100 
 H                 -3.43526200    1.88894700    3.01600200 
 H                 -4.00231500    0.20940100    3.07243300 
 C                 -1.41678800   -0.91112600    3.46453300 
 H                 -0.41978900   -1.23439800    3.15919000 
 H                 -1.39968700   -0.75865000    4.55170100 
 H                 -2.11562100   -1.72754400    3.26232600 
 C                 -0.75829200    1.48517800    3.12894500 
 H                 -1.05199700    2.47308100    2.76135500 
 H                 -0.66441100    1.54936600    4.22110800 
 H                  0.22656100    1.24472000    2.72190900 
 C                 -3.39879700   -0.54589800    0.34246000 
 C                 -4.05157300   -1.54352000    1.08328700 
 C                 -3.94070700   -0.18273300   -0.90275800 
 C                 -5.23057800   -2.12784000    0.61733700 
 H                 -3.64636100   -1.88482700    2.02807500 
 C                 -5.11790500   -0.76873100   -1.36760500 
 H                 -3.43617000    0.55232800   -1.52034700 
 C                 -5.77263700   -1.73855100   -0.60722600 
 H                 -5.72028200   -2.89227300    1.21469600 
 H                 -5.51887700   -0.46866100   -2.33219400 
 H                 -6.68993800   -2.19405600   -0.97042600 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
31b 
 
 SCF Energy = -2155.93969143 
 217
 
 C                  0.96036900   -1.69152700    1.33578000 
 C                  2.09346600   -1.80780900    0.51013300 
 C                  3.24953000   -1.00389800    0.69666600 
 C                  3.20103100   -0.10307800    1.76552600 
 C                  2.11399800    0.00457300    2.63493700 
 C                  0.99800100   -0.80328300    2.43507500 
 C                 -0.24902500   -2.57514800    1.23219100 
 C                 -1.39658800   -2.32570200    0.44253900 
 C                 -2.49207300   -3.20770700    0.56925900 
 C                 -2.46924300   -4.31062600    1.41705100 
 C                 -1.33259900   -4.55889800    2.18490000 
 C                 -0.25193600   -3.69044700    2.09283900 
 H                  2.15825300    0.70631600    3.45988100 
 H                 -3.39872100   -3.01350000    0.01152200 
 H                 -3.33772100   -4.96043600    1.48185000 
 H                 -1.29329700   -5.40935800    2.86027600 
 H                  0.62633900   -3.85964900    2.70909100 
 P                 -1.56254100   -0.89695200   -0.74460300 
 Pd                -0.15949100    1.18902500   -0.52066500 
 C                 -0.09559800   -0.01605000    4.41367500 
 H                 -0.09978600    1.05036700    4.16318800 
 H                 -1.02051700   -0.25692500    4.94089400 
 H                  0.76228100   -0.24237600    5.06086600 
 H                  4.04961300    0.54133100    1.95762500 
 O                 -0.09455200   -0.82962600    3.25061800 
 C                  0.53739100    3.04594200   -0.14592600 
 C                  1.34495800    3.91172600   -0.89680000 
 C                  0.09049700    3.55068800    1.08904000 
 C                  1.66651100    5.18470900   -0.42153000 
 H                  1.72236600    3.58526000   -1.85903200 
 C                  0.39761800    4.82386700    1.59268800 
 C                  1.19774100    5.64775000    0.81935900 
 H                  2.29480000    5.83264000   -1.02826600 
 H                  0.00805500    5.12899100    2.55744500 
 H                  1.45848300    6.64156500    1.17021900 
 C                  4.51647300   -1.11899600   -0.18528800 
 C                  4.18920100   -0.89273300   -1.67989400 
 H                  5.10890900   -0.97299100   -2.27417500 
 H                  3.47134600   -1.62507000   -2.05072500 
 H                  3.76138400    0.10144000   -1.84031200 
 C                  5.57714700   -0.06768900    0.20931200 
 H                  5.93990300   -0.20228500    1.23535200 
 H                  6.44137200   -0.16592200   -0.45697100 
 H                  5.19749800    0.95511900    0.10662700 
 C                  5.17207300   -2.51009400   -0.00332300 
 H                  6.11622700   -2.55293600   -0.56066800 
 H                  5.39564900   -2.70779900    1.05218900 
 H                  4.53450600   -3.31278100   -0.37759100 
 O                  2.07443100   -2.69261100   -0.55203500 
 C                  2.06933200   -4.09351000   -0.27598300 
 H                  1.05657400   -4.47317000   -0.11228100 
 H                  2.49591700   -4.57965200   -1.15806300 
 H                  2.68670300   -4.33118900    0.59841300 
 N                 -0.73194200    2.68606300    1.88101800 
 O                 -1.14689300    3.01816100    2.98362600 
 O                 -1.00960600    1.54105600    1.40011600 
 218
 Br                 1.00935500    1.09936500   -2.70278200 
 C                 -1.79737500   -1.73969900   -2.46837100 
 C                 -2.93197800   -2.78062300   -2.52034200 
 H                 -3.05894700   -3.09563700   -3.56439100 
 H                 -2.70764200   -3.67689100   -1.93765100 
 H                 -3.89035300   -2.36676200   -2.18551400 
 C                 -2.10561000   -0.67109400   -3.53783600 
 H                 -1.41031000    0.17016400   -3.50961200 
 H                 -2.01478000   -1.14117100   -4.52572600 
 H                 -3.13141900   -0.30062500   -3.45043500 
 C                 -0.45730500   -2.43103600   -2.78942000 
 H                 -0.22461300   -3.21543600   -2.06290100 
 H                 -0.53088500   -2.90100400   -3.77918400 
 H                  0.37437300   -1.72275400   -2.80748800 
 C                 -3.18460700   -0.10977300   -0.29319300 
 C                 -3.63016900    0.96984300   -1.08213700 
 C                 -3.90826300   -0.41547500    0.87073300 
 C                 -4.79033000    1.67049700   -0.75360600 
 H                 -3.05689300    1.28603900   -1.94633100 
 C                 -5.06420800    0.29439900    1.20370000 
 H                 -3.56500600   -1.19667000    1.53774900 
 C                 -5.51792100    1.33053600    0.38850300 
 H                 -5.11600300    2.49210700   -1.38607600 
 H                 -5.60434700    0.03690000    2.11102200 
 H                 -6.41852000    1.88002500    0.64895500 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
32a 
 
 SCF Energy = -2155.94110784 
 
 C                 -0.86827700    2.28521600    0.25512200 
 C                  0.11802000    2.18905600    1.25690300 
 C                  1.41956000    2.72800600    1.09030700 
 C                  1.65585500    3.38386200   -0.12370100 
 C                  0.69569600    3.51839200   -1.12441600 
 C                 -0.57013000    2.96953400   -0.93963200 
 C                 -2.26970100    1.81536400    0.49877600 
 C                 -2.70431700    0.47216600    0.46053600 
 C                 -4.00077300    0.17355800    0.92959100 
 C                 -4.88857000    1.16867300    1.32684200 
 C                 -4.49353100    2.50564200    1.25867500 
 C                 -3.19595900    2.81150200    0.86483000 
 H                  0.95524400    4.03021500   -2.04284700 
 H                 -4.31528700   -0.86099900    0.99641200 
 H                 -5.88126100    0.90047700    1.67813900 
 H                 -5.18003200    3.30040200    1.53821500 
 H                 -2.86275800    3.84526800    0.86043800 
 P                 -1.72460200   -0.92151300   -0.29046500 
 Pd                 0.75281000   -0.85656600   -0.75099900 
 C                 -1.31422600    3.64471000   -3.10612200 
 H                 -0.51728400    3.10712200   -3.63270500 
 H                 -2.24277900    3.57030600   -3.67526400 
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 H                 -1.04012500    4.70290500   -2.99815900 
 H                  2.62910600    3.81807100   -0.31476400 
 O                 -1.58617400    3.04767300   -1.84602200 
 C                 -2.79897500   -1.45488100   -1.80939400 
 C                 -1.97587500   -2.42371200   -2.68808400 
 C                 -4.13767400   -2.12568200   -1.44418100 
 H                 -1.76923400   -3.37779500   -2.19365400 
 H                 -1.02607500   -1.98544400   -2.99992400 
 H                 -4.01773600   -2.98732400   -0.78058400 
 H                 -4.83682400   -1.42514800   -0.98131200 
 C                  2.73920800   -1.20784900   -0.89139300 
 C                  3.66790800   -0.93441600   -1.90447000 
 C                  3.24732900   -1.88174600    0.23345800 
 C                  5.00360900   -1.32274900   -1.77538700 
 H                  3.34128900   -0.41702300   -2.79937700 
 C                  4.58096600   -2.28422500    0.39188100 
 C                  5.46662700   -1.99792700   -0.63426400 
 H                  5.70027500   -1.09717100   -2.57946200 
 H                  4.88434600   -2.79842600    1.29705900 
 H                  6.50842500   -2.29291200   -0.55413600 
 C                 -1.88104000   -2.22918900    1.01330600 
 C                 -1.87953800   -3.60103300    0.71088900 
 C                 -1.86557100   -1.85019400    2.36661700 
 C                 -1.90258700   -4.55959200    1.72553900 
 H                 -1.85728000   -3.93889800   -0.31807600 
 C                 -1.88386200   -2.80864900    3.37939400 
 H                 -1.81986500   -0.79946300    2.63065900 
 C                 -1.90986000   -4.16787200    3.06425400 
 H                 -1.91194800   -5.61444300    1.46391800 
 H                 -1.87044300   -2.48929700    4.41812300 
 H                 -1.92486600   -4.91415800    3.85386900 
 H                 -2.55630000   -2.64924500   -3.59245400 
 H                 -4.60754000   -2.48321200   -2.36979000 
 C                 -3.08622400   -0.17454300   -2.62271200 
 H                 -3.72590100    0.52236500   -2.07374300 
 H                 -2.16632300    0.34538900   -2.90056900 
 H                 -3.60827900   -0.45803700   -3.54640400 
 C                  2.52501100    2.63135600    2.16883800 
 C                  2.83292300    1.15454800    2.51123900 
 H                  3.58473500    1.10337100    3.30941800 
 H                  1.93867400    0.62396800    2.84261200 
 H                  3.24087900    0.63999100    1.63427600 
 C                  3.84614300    3.27056700    1.68887000 
 H                  3.74194100    4.34428100    1.49342400 
 H                  4.60468400    3.15244500    2.47081100 
 H                  4.23049200    2.78995400    0.78227600 
 C                  2.10713500    3.38279800    3.45651600 
 H                  2.94618300    3.40753700    4.16317500 
 H                  1.82571700    4.41910400    3.23409100 
 H                  1.27039900    2.89734800    3.96020200 
 O                 -0.17346300    1.50812700    2.43020100 
 C                 -1.07468100    2.11750900    3.35850500 
 H                 -2.11435600    1.85335700    3.14489700 
 H                 -0.80346000    1.73571500    4.34737600 
 H                 -0.97400900    3.20870300    3.35570600 
 N                  2.32013700   -2.15564200    1.29315100 
 O                  2.65716500   -2.71673400    2.32234300 
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 O                  1.11497000   -1.77825900    1.11981200 
 Br                 0.68282000    0.19740800   -3.00469900 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
 
32b 
 
 SCF Energy = -2155.94356224 
 
 C                 -0.02551600    2.38958600    0.18852300 
 C                  0.48102400    1.96138700    1.43162400 
 C                  1.87137500    1.92469400    1.71163300 
 C                  2.70787200    2.39922700    0.69379700 
 C                  2.23830300    2.87589100   -0.53055100 
 C                  0.86983400    2.86529900   -0.79210200 
 C                 -1.49888900    2.48583300   -0.06410800 
 C                 -2.36450000    1.39428000   -0.29797600 
 C                 -3.75318300    1.64000900   -0.34489600 
 C                 -4.28015300    2.92430200   -0.25121000 
 C                 -3.41613700    4.01058900   -0.10784000 
 C                 -2.04904200    3.78150900   -0.00417200 
 H                  2.94649600    3.23013400   -1.27010600 
 H                 -4.43648300    0.80490600   -0.44498800 
 H                 -5.35574400    3.07240500   -0.29499900 
 H                 -3.80454200    5.02404800   -0.05284100 
 H                 -1.37282300    4.61710900    0.15083800 
 P                 -1.80979000   -0.34793400   -0.66994000 
 Pd                 0.58066700   -1.13706700   -0.50023800 
 C                  1.16739800    3.67086600   -3.02188000 
 H                  1.81880900    2.83934100   -3.31265200 
 H                  0.51169500    3.93413800   -3.85403100 
 H                  1.77730700    4.54407300   -2.75405700 
 H                  3.77956900    2.41237400    0.84907000 
 O                  0.30377200    3.29402400   -1.95630500 
 C                 -2.31219800   -0.57119000   -2.52358600 
 C                 -1.69342100   -1.89349300   -3.03138500 
 C                 -3.82839800   -0.56960700   -2.79675800 
 H                 -2.10850100   -2.77954600   -2.54290500 
 H                 -0.60903000   -1.91577300   -2.88285000 
 H                 -4.37562900   -1.30659900   -2.20305000 
 H                 -4.26949900    0.41380800   -2.61570100 
 C                  2.51275100   -1.73083000   -0.56931000 
 C                  3.26960600   -1.02695700   -1.52463900 
 C                  3.21828700   -2.69102500    0.17042600 
 C                  4.63689900   -1.22695900   -1.77122500 
 C                  4.57977300   -2.90933000   -0.04985500 
 H                  2.69406100   -3.27152600    0.92082200 
 C                  5.29503900   -2.18362100   -1.01748100 
 H                  5.13891700   -0.63857300   -2.53108400 
 H                  5.09739900   -3.66082100    0.54173800 
 H                  6.35289000   -2.37032500   -1.17501800 
 C                 -2.98221600   -1.31067900    0.38857500 
 C                 -3.57436000   -2.51880700   -0.00741700 
 C                 -3.20576200   -0.85822600    1.70030100 
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 C                 -4.40090100   -3.22985000    0.86488000 
 H                 -3.38840200   -2.92956100   -0.99191900 
 C                 -4.02525200   -1.57268000    2.57276400 
 H                 -2.72184700    0.04836000    2.04780700 
 C                 -4.63483900   -2.75731800    2.15575800 
 H                 -4.85397000   -4.15986400    0.53212000 
 H                 -4.18248400   -1.20350400    3.58279100 
 H                 -5.27588100   -3.31288700    2.83492200 
 H                 -1.88974300   -1.98708300   -4.10758800 
 H                 -3.99195700   -0.80816500   -3.85610100 
 C                 -1.67569800    0.59626800   -3.30862700 
 H                 -2.08520800    1.56427100   -3.00654600 
 H                 -0.59090000    0.63421300   -3.18759300 
 H                 -1.89208900    0.45679500   -4.37628500 
 C                  2.45780800    1.40002900    3.04388500 
 C                  2.00767800   -0.05765400    3.30212400 
 H                  2.42076000   -0.40993600    4.25641700 
 H                  0.92150300   -0.14791700    3.34042900 
 H                  2.36799000   -0.72397700    2.51170400 
 C                  4.00226600    1.40231000    3.02215600 
 H                  4.41888200    2.41179800    2.92168200 
 H                  4.37218100    0.98906600    3.96699100 
 H                  4.40209500    0.78010000    2.21346400 
 C                  2.02416500    2.29529500    4.23013900 
 H                  2.54059400    1.97708100    5.14429500 
 H                  2.28136800    3.34617300    4.04889500 
 H                  0.95234100    2.22820600    4.42149100 
 O                 -0.40769300    1.52113900    2.39884000 
 C                 -1.20458100    2.51008200    3.05793400 
 H                 -2.08731700    2.77755500    2.47011300 
 H                 -1.52214200    2.06275700    4.00390700 
 H                 -0.62301300    3.41564800    3.26572700 
 N                  2.57868800   -0.03837100   -2.29305800 
 O                  3.13934100    0.62480800   -3.15649100 
 O                  1.34232400    0.13497400   -2.04407400 
 Br                -0.01384000   -2.89372900    1.12839400 
 
 C, H, N, O, P = 6-31G(d) 
 Br            = LANL2DZ(pd)  
 Pd            = LANL2DZ(f) 
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Pd basis sets: 
 
LANL2TZ family: 
 
The LANL2TZ basis sets are obtained by decontracting an S, a P, and a D function from the 
respective LANL2DZ basis set. 
 
LANL2DZ(f) and LANL2TZ(f): 
 
LANL2DZ or LANL2TZ is appended with a set of f-polarization functions (coefficient 1.472), 
as described in J. Chem. Phys. 2004, 121, 9982.  
 
LANL2DZ(4f) and LANL2TZ(4f) 
 
LANL2DZ or LANL2TZ is appended with four uncontracted sets of f-polarization functions 
(exponents 3.611217, 1.29541, 0.55471, and 0.23753) as described in J. Chem. Phys. 2004, 121, 
9982. 
 
LANL2DZ(4f,p) and LANL2TZ(4f,p) 
 
LANL2DZ or LANL2TZ is appended with four uncontracted sets of f-polarization functions 
(exponents 3.611217, 1.29541, 0.55471, and 0.23753), and one set of p-polarization functions 
(exponent 0.141196) as described in J. Chem. Phys. 2004, 121, 9982. 
 
LANL2DZ(4f,p,g) and LANL2TZ(4f,p,g) 
 
LANL2DZ or LANL2TZ is appended with four uncontracted sets of f-polarization functions 
(exponents 3.611217, 1.29541, 0.55471, and 0.23753), one set of p-polarization functions 
(exponent 0.141196), and one set of g-polarization functions (1.031690071), as described in J. 
Chem. Phys. 2004, 121, 9982. 
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Br basis sets: 
 
6-31G(d) as in Gaussian 03, in the Gaussian input format: 
 
Br 0 
 S   8 1.00       0.000000000000 
      0.5743000000D+06  0.2106827531D-03 
      0.8907000000D+05  0.1612717209D-02 
      0.2021000000D+05  0.8360109593D-02 
      0.5736000000D+04  0.3402755882D-01 
      0.1899000000D+04  0.1085150006D+00 
      0.6987000000D+03  0.2673969444D+00 
      0.2778000000D+03  0.4295672215D+00 
      0.1152000000D+03  0.2869931170D+00 
 S   2 1.00       0.000000000000 
      0.3597000000D+02  0.2777729144D+00 
      0.1550000000D+02  0.7470576360D+00 
 S   1 1.00       0.000000000000 
      0.4771000000D+01  0.1000000000D+01 
 S   1 1.00       0.000000000000 
      0.2077000000D+01  0.1000000000D+01 
 S   1 1.00       0.000000000000 
      0.4211000000D+00  0.1000000000D+01 
 S   1 1.00       0.000000000000 
      0.1610000000D+00  0.1000000000D+01 
 P   6 1.00       0.000000000000 
      0.4406000000D+04  0.1395526229D-02 
      0.1042000000D+04  0.1237482833D-01 
      0.3321000000D+03  0.6101752413D-01 
      0.1219000000D+03  0.2267755466D+00 
      0.4924000000D+02  0.4059758745D+00 
      0.2116000000D+02  0.4506923223D+00 
 P   3 1.00       0.000000000000 
      0.8836000000D+01  0.2920185849D+00 
      0.3829000000D+01  0.5302208617D+00 
      0.1643000000D+01  0.2752874045D+00 
 P   1 1.00       0.000000000000 
      0.4650000000D+00  0.1000000000D+01 
 P   1 1.00       0.000000000000 
      0.1427000000D+00  0.1000000000D+01 
 D   5 1.00       0.000000000000 
      0.1084000000D+03  0.2158793714D-01 
      0.3071000000D+02  0.1341760360D+00 
      0.1066000000D+02  0.3678706466D+00 
      0.3851000000D+01  0.4918952062D+00 
      0.1317000000D+01  0.2683219787D+00 
 D   1 1.00       0.000000000000 
      0.3380000000D+00  0.1000000000D+01 
**** 
 
 
